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ABSTRACT

Using a potential derived from continuum elasticity,
the interactions between kinks on a dislocation line are
studied as special cases of the problem of a one-dimensional
system of interacting particles. By the use of constant
pressure ensembles, the principal kink-interaction problems
of physical interest are solved. The application of these
solutions to the theoretical analyses of work hardening and
internal friction is explored and comparisons made to
previous work in which kink interactions were neglected;
it is found that, as would be expected, variations of
equilibrium kink populations with external stress cannot
account for the Bordoni peak, which must therefore be
identified with a relaxation time phenomenon. A new type
of internal friction is predicted, with a logarithmic
decrement independent of frequency but showing a sharp
amplitude dependence opposite in slope to that previously

predicted from consideration of kinks.
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PARTIAL LIST OF SYMBOLS USED

Helmholtz free energy

Nearest-neighbor lattice spacing (sometimes
referred to simply as "lattice spacing")
(kT) ™ *

Burgers vector (absolute magnitude)
Burgers vector

(kT) b2

Measure of lateral extension of kink
Element of length

Internal partition function of species i
Unimpeded dislocation length (average)
Cutoff radius for potential

Internal energy

Transform function for interaction between
species i and j

Gibbs free energy

Transform function for modified attractive
Coulomb interaction

Planck's constant

Boltzmann's constant

Modified Bessel function of the third kind
Length of system

Typical length for kink pair formation



A A - T

ij

2

O QQ NI - I - I - 7

0

ua a

KoK X X o= o o H

Separation of kink groupings

Number of systems in an ensemble

Shear modulus (averaged over crystal directions)
Chemical activity of species i

Number of particles in a system

Number of particles or kinks of species i
Number of nearest neighbor pairs between
particles or kinks of types i and j

Forest dislocation density

Momentum vector Pyeceon pN
Pressure

Momentum of particle i
Position vector CERRRRE Ay

Position of particle i

Canonical ensemble partition function
Phase space probability factor
Entropy

(kT) *p

Resolved shear stress (scalar)

Stress (tensor)

Absolute temperature

Interaction energy

Number of possible states of a system
Linear coordinate

Generalized extensive variable
Linear coordinate

Constant pressure grand canonical

partition function



CHAPTER 1
INTRODUCTION

The subject of this dissertation is the application
of constant pressure ensemble formulations to the study
of kinks in dislocations. Before beginning such a
theoretical analysis, it is appropriate to define kinks
and to explain why they are important. Consider a
dislocation line constrained to have an average direction
which does not correspond to a close-packed direction of
the crystal lattice. If the Peierls forces(66)which
constrain it to lie in close-packed directions are stronger
than the line-tension effect<69) which tends to minimize
the total dislocation length, the dislocation line will
consist of a number of straight segments lying along close-
packed directions and connected by short segments where
the dislocation line crosses from one close-packed direction
to another. This situation is illustrated in Figure 1.
There short connecting segments are called kinks if the
orientation of the Burgers vector is such that they can move
freely up and down the dislocation; otherwise they are
called jogs. In the continuum limit, of course, the
distinction disappears(47’89). Kinks will be called positive
if the segment on the left hand side has a smaller Y-
coordinate than the segment on the right (see Figure 1);
otherwise they will be called negative.

That the detailed microscopic structure and behavior
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of kinks have measurable effects on the properties of

solids was first proposed by Bordoni(l5’16)

, who studied

the low-temperature internal friction properties of metals
and found a component of the internal friction which

depends on the degree of prior strain but not on the impurity
content; this he attributed to the creation and annihilation
of closely-spaced positive-negative kink pairs (see Figure
2). The first measurements were on copper, but the effect
has been found in a number of other metals, notably lead(59),

(44,79) (79)

germanium , and silicon

Although other mechanisms were suggested from time

(59)

to time it appears that kink behavior of some type is

the only adequate explanation for the experimental

(78,87),

observations thus one may say that kinks are worthy
of study if one desires to understand the machanism of low-
temperature internal friction. It has also been suggested
that kink motion is of great importance in high-temperature
internal friction(74), work hardening(s), creep(32), and

(82,83)

polygonization In all these cases, however,
interpretation of the existing data in terms of microscopic
mechanisms is to a greater or lesser extent in doubt; in
this work, comparison with experimental data is made only
for the cases of internal friction and work hardening.

The attempt to formulate mathematically the interactions
(47)

of kinks leads to severe difficulties. Kroupa and Brown

and Seeger and Schiller(76)have shown that, in the elastic



approximation, kinks of like sign repel and kinks of unlike
sign attract one another according to a Coulombic potential
(the analysis of Kroupa and Brown is summarized in Appendix
A). This analysis appears to be sound in the case of kinks
when the dislocation line connecting the kinks does not
contain any intervening kinks; whether it holds for kinks
which are not '"nearest neighbors" is debatable. Brown(47)
thinks it does; Granato(37) asserts the opposite. Ardell
et a1°(3) assert that, in fact, kinks do not interact at
all except when quite close to one another; they do not,
however, support this assertion with a calculation of any
interaction energies. Eshelby(33)has shown that a complete
neglect of kink interactions leads one to conclusions which
contradict accepted experimental phenomena and feels that,
while the potential is not strictly Coulombic, it can be
represented as proportional to |r + cl-l, where ¢ is a
measure of the lateral extension of the kink(34).

In the light of this confusion regarding the pairwise
interaction of kinks it is natural that, despite Eshelby's
objections, the first computations of kink behavior were
based on the assumption that kinks do not interact at all.
Seeger et al.(75’76’77) have shown that the Bordoni peak
can be explained qualitatively by assuming that dislocations
continually generate kink pairs (of opposite sign), which
in general collapse immediately (see Figure 2); they assume
an attractive potential between kinks of unlike sign, but

make no assumptions regarding its functional form.

r



(18’19’20) shows that a different kink mechanism

Brailsford
can be invoked to explain the same data; he specifically
excludes kink interactions from his theory, and further
assumes that the lateral extension of a kink is small.

This latter assumption is hard to attack or defend, largely
because so little is known about the dislocation core,
despite various recent efforts to examine this area theo-

(28,41,55,85,88)

retically The assumption is probably

sound for silicon and germanium(64’78); it is generally
regarded as unsound for face centered metals other than

(77),

perhaps aluminum and nobody has any clear ideas about
the situation as regards metals with other crystal structures.
Attempts to apply statistical mechanics to kinks have
so far been very limited. Efforts to apply the usual
classical canonical-ensemble formulation founder quickly
because the relevant phase-space integrals are highly
divergent. Lothe and Hirth(su) treated a single kink by
a very intricate procedure; even if one concedes the
validity of their approach, he learns nothing about the
behavior of systems of kinks. Ardell et al.(3) treated
large assemblies of parallel kinks, but their assumption
that kink interactions are wholly negligible led to a
solution whose principal features derived from precisely
those kink configurations for which their assumptions are
probably least valid; for they assume not only that long-

range kink interactions are negligible, but also that kinks

can approach arbitrarily close to one another without inter-

acting.



In the present investigation, a modified form of the
Coulombic interaction potential of Kroupa and Brown(47)
is used for nearest-neighbor interactions, and interactions
between kinks not nearest neighbors are assumed not to
interact at all. The modification made in the potential
function is shown to be reasonable in light of the detailed
structure of the lattice. The statistical approach used is
that of constant-pressure ensembles(38’40’53’72’81); it
is shown that this leads to convergent partition functions
which can, in principle, be applied to any kink system with
a nearest-neighbor modified Coulomb potential function,
though the computational problems for some types of systems
are very severe (see Appendix C). Detailed studies are made
of systems of physical interest, and the results obtained
by this method are compared to those obtained by other
approaches to the problems and, where possible, to experimental

results. The "kink pressure"

discussed by Southgate and
Attard(78) is treated and shown to have a simple physical
interpretation; it is further shown that this pressure
depends strongly on the interaction potential and that
estimates made disregarding this potential are seriously
in error.

The basic prupose of this work is not to explain
quantitatively the present experimental data; the present
state of understanding of kink interactions and other

phenomena in which dislocation core properties are important

is too poor for this to be possible. The purpose is rather
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to develop a formalism by which the kink interactions can
be incorporated in the existing theories without destroying
the desirable features of theories. It is felt that, when
a better understanding of these interactions is available,
the methods applied in this dissertation can be used to
make quantitative predictions; at present, the predictions

made are basically qualitative.



Figure 1 Parallel kinks on a dislocation line.

Figure 2 Kink pairs



CHAPTER 2

CONSTANT PRESSURE PARTITION FUNCTIONS

Constant pressure partition functions are essential
for this investigation, because of the nature of the
kink pair potential. 1In view of the rather limited use
of these in most works on statistical mechanics, it
appears desirable to explain their existence and properties.
This discussion will to a considerable extent follow
those of Hill(uo), Brown(zl), and Sack(72), but will
not go into the problems involved in formulating them
consistently and without ad hoc assumptioﬂs. These
problems, which are by no means trivial, are discussed by

(68)

Bronw, Sack, Prigogine and Rushbrooke and Urse11(71).

The theory of statistical mechanics can be regarded
as built upon the concept of the micro canonical ensemble(uo),
in which the volume, the number of particles of each

species and the total energy are fixed. The link to

thermodynamics then consists of the famous relationship:

2.1) S = k In W(EV,N)

Here S is the entropy and W the number of possible
configurations of the system consistent with the con-

straints. This can also be written:



2.2) S=k nw_{2 (v, N)

In (2.2) (L is a volume in phase space.

If one assumes £ to be normalized and the particles
to be indistinguishable, one can use {L as an ordinary
distribution, a cumulative distribution, or the

differential of a cumulative distribution:
Et0€
*

0, j 4ol
e
(2.3)

E
Suz.

-®

'_(LC
__()_‘

L]

d —ﬂt

e
. . . (40)
In any case, if the phase space is ergodic''V/,
the probability of finding a given system in a given
volume of phase space is, because of the normalization

of fL , simply:
-1
2.4) ¢ = AL

Now introduce the generalized ensemble: in the
microcanonical ensemble three (or more) extensive
variables are fixed: here N,E, and V. 1In many appli-
cations these are an inconvenient choice; for instance,
very few processes are actually carried out at fixed
internal energy rather than fixed temperature. The

transformation to T as a variable rather than E leads to
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the canonical ensemble, where N, T, and V are fixed.
If one wishes to regard N as a variable and the chemical

(%0)

potential (or potentials) by as fixed in systems
belonging to the ensemble, the resulting ensemble is called
a grand canonical ensemble. It is apparent that, at least
formally, one can eliminate any extensive variable as an
ensemble parameter and replace it with its conjugate
intensive variable.

To do this, consider a very large number M of systems
which are weakly coupled so that the values X, for some
extensive variable may vary and only their sum is fixed
(e.g., one can consider a large number of constant-energy
systems separated by thermally conducting walls and then
separated from the rest of the universe by a thermal
insulator). Thus, one develops the basic properties of
the canonical and grand-canonical ensembles. For the

canonical ensemble:

. -85 . .
Q- Ze-'pEd or Q=X§96J3JP

(2.5) A(N,T, V)= =kTIn Q@ (~v,T,V) 8° T

A is the Helmholtz free energy.

For the grand canonical ensemble:
PV

P —

~

(v, T, V) i
I LT V)= Aiv,t, v)e = £
(2.6) —— (’“" V) Z ’
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The derivation of a (T,p,N) ensemble - a constant
pressure ensemble - from the canonical ensemble is no
more difficult in principle, though the mechanics of
its construction are somewhat awkward(el). Its
properties may be summarized:

w (T, P, N:) = re_epv Q (N:, T, V) dv

[+

(2.7)

éé— = —In \A)<13 ?,ﬁ/J
kT

Once one has constructed this ensemble, there is
no mechanical difficulty in constructing a (T,p,u)

ensemble - a constant-pressure grand canonical

ensemble - whose properties, formally, would be(72):

@® _apv
eV

Y (T, P, ‘(/(':) = E = (’“?;V;T)e v
0
% QA
(2.8) A=-[Y(T;EM-')]' P3e =1 p22.- 5
N AL
Fk:%%?: kT'V‘ \;:eé

However, as pointed out by Prigogine(sg), there

is a very serious fundamental question concerning the
. -
constant-pressure grand lcanonical ensemble: T, p, and pu
are not independent; they are related by a nonholonomic

constraint, the Gibbs-Duhem relation(uo)

2 +« SdT =0
2.9y o N:dwi=vde
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Sack(72) and Brown(el) discuss the problems
raised by this. Since this investigation is not a
fundamental study of ensembles but rather a study of
their application to specific metallurgical problems,
it seems appropriate not to discuss these problems in
detail, but to point out that though the fundamental
problems are not wholly resolved, the constant-pressure
grand canonical partition function can be used to solve
problems and that, when it is applied to problems whose
solutions are already known, it gives the correct answers(72).
However, in the present investigation it appears to be
inadequate to produce the required information, such as
equilibrium kink populations. The means used to
circumvent this obstacle are described in detail in

Chapter 4.
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CHAPTER 3

APPLICATION OF ENSEMBLES TO A
RECTILINEAR KINK ASSEMBLY

The statistical mechanics of noninteracting
particles, whether interchangeable or not, has proven
to be a fairly simple matter(uo), but the construction
of partition functions for systems of interacting
particles is found to offer almost insuperable
difficulties. However, a number of special techniques

(38,46,53,67,

are known 81) for various types of ome
dimensional systems with nearest-neighbor interactions;
the only ones among these which are readily applicable
to kinks depend upon the properties of convolutions.
These properties, which are treated in considerable
detail in Doetsch(3%), will be discussed briefly.

The convolution of two functions f and g is

defined by:

o
(3.1) f7&- & £0x) g (g-x) &

]

It may also be defined by the following expression,
if the functions are assumed to vanish for negative

values of their arguments:

9
(4-x) d x
(3.2) g £00) g9

°

14



It can be proven that, in general, the convolution
operation is associative and commutative. Further, it
can be shown that if ‘I (f) is defined by

©

~st
(3.3) f(5)= Xe gre)de

o

then the following relations

hold:

f({#g) = £(f). £ ()
I(,{‘,‘{z#...."(ﬂb = .ﬂ-{i(ﬂ)]

drsy

(3.4)

Now with these results in mind, one can construct
a constant-pressure canonical ensemble partition
function for a rectilinear system of identical or
nonidentical particles. This was first done by

(81)

Takahasi who did not, however, apply the method

systematically to a system of physical interest.
1t

Gursey(38) showed that the method led very neatly to a

complete solution of the properties of a rectilinear

hard-sphere gas. To show what can be done with the method

if a problem has sufficiently simple properties, his
solution is reporduced in Appendix A.

It is very unfortunate that this analysis is
restricted to one-dimensional systems with nearest-
neighbor interactions, and several methods have been

developed to extend it. Byckling(25) has shown that a

15



very similar method can be used to study systems with
interactions between more remote neighbors; unfortunately,
his method leads to computational problems of great
complexity. He reported in 1962 that computations were
in progress on some imperfect gas problems (much simpler
mathematically than kink problems). Three and a half
years after publication of his paper the results of

these computations had still not appeared. Several

more or less successful efforts have been made to

extend similar methods to certain two- and three-
dimensional problems(u’B’ug), but the problems

tractable by these methods are gas problems with no
interesting analogues in dislocation theory. Essentially,
the problem is that the simplicity of the method is

due to its reliance on the transformation properties of
the convolution, which have no analogues in multi-
dimensional systems.

This method will now be illustrated by solution of
the simplest interesting problem in the statistical
mechanics of kink interactions: that of a large number
of parallel kinks confined to an otherwise straight
dislocation segment pinned at both ends, as illustrated
in Figure 1.

Consider (N+2) kinks, numbered 0,1,2,....(N+l) and
constrained to move only in the X-direction. Let the
X-coordinate of the jth kink be qj. Suppose that by

some pinning mechanism one kink is fixed with q = 0, and
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~

another is fixed with q = L. Suppose that the interaction

energy of the kinks can be written:
N4 sl

(3.5) &7 kTZ Z (S5 SJJ“,,) F(%"—}K)

Jgco K=o
If the Hamiltonian of the system is separable, Q,

the canonical-ensemble partition function, can be written:
R _RE(], - gqy)
(3.6) & i (ve2)! Z j .’J‘e th""lﬁvﬂ Iin
S Ry

Here R is the result of integration over the

momentum coordinates and is independent of the inter-
actions. The factor (N+2)'! appears because the kinks
are assumed indistinguishable; the sum S is taken over all
orderings of the kinks on the X-axis. The region R is the
part of g-space corresponding to the ordering of the q; in
term S. The terms in S differ only in the permutation of
identical objects; hence one would expect the integral to
be independent of the index S, and so one can rewrite (3.6) as:
3.7 ®=R f--’-j‘e'éé(a'm%) dg, - Agp. o
Ry

In equation (3.7) the integration is carried out for
a given ordering of the kinks on the X-axis: say,
0,1,2 ....N+1. The integral can then be written in a more

convenient form:

(3.8) Q= RJ S e dgo- - dan

/]

-4

%o gq~-| qu _ @5(5,. . 20)

o



Using equation (3.5) one can rewrite this as:

T L,f(L-gy) Q’;v -‘F(QN'?N-I) *‘_f‘(’.)‘((ﬁ\“ev)
(3.9) &~ S" g ¢

€ d‘c"' Jst\/
[ 'S "

This is in the form of a multiple convolution, and
it is this fact which permits a convenient solution of

the problem. Referring to Sack's paper(Tg), it is seen

that:
=
- -S
(3.10) C = ge QL where S:{_;_

o

Inserting equation (3.9) into this and letting:
_sx 0
(3.11) et e dx = E(s)

0
one sees that, if the coupling

between internal modes of dislocations is neglected,
permitting one to factor R as the product of N momentum

integrations, there follows in the limit of large N:

& N
(3.12) € " - D”[F(‘>J

By elementary manipulations,

G -l F(5)
(3.13) T ° -t D

18



Consider now the Coulombic potential developed by
Kroupa (as discussed in Appendix A):

(3.1%) E;_; < -——Ai"‘"

lQ:'?J(
Here the constant A depends upon whether the
dislocation in question is screw, edge, or mixed. Using
this pair potential, one finds that the function F(s),

which is of course also a function of T, is given by:

In this expression K_l(z) is a Bessel's function

of the third kind(%®) and z is defined by:

(3.16) 2 z\/?\/—?;

Making use of the relations between Bessel

functions of different orders(86) one can also derive:

Uo .z- 1(0(?)
(3.17) =g~ °~ *T 7T w@
(3.18) L. ¥, VR k@)

N 7 Ve w«(2)

In (3.17) the internal energy given is the internal
energy of interaction only, and excludes contributions

from internal modes.
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It must be noted that, because of the one-dimensional
nature of the problem, the "kink pressure" has the units
of energy per unit length, as was observed by Southgate
and Attard(78). Equations (3.16), (3.17), (3.18)
constitute the solution to the statistical problem;
their application to specific physical problems will be
discussed in the next chapter.

It remains to discuss the application of constant-
pressure ensembles to systems containing antiparallel
kinks (kinks of opposite sign). Before embarking on
computations, one must consider two fundamental problems.

First, the present model for kink behavior is
unrealistic in one respect; kinks are allowed to approach
arbitrarily close to one another. This is, of course,
not possible when one considers the crystal as a lattice
of atoms: two kinks cannot be separated by distances of
less than one lattice distance. This is of no importance
in the treatment of parallel kinks because such configurations
correspond to very high energy states and thus would
contribute significantly to the partition functions only at
very high kink densities, where the whole analysis would
probably break down anyway, quite apart from the physical
fact that in a crystal with a finite Peierls stress there
is a bound to the kink density that will be tolerated
without a complete rearrangement of the dislocation line.
However, in the case of antiparallel kinks the closely

spaced configurations are, at reasonable densities,
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favorable energetically, and incorrect treatment of them
will invalidate the whole analysis. It is therefore
necessary to select a cutoff "recombination distance",
which is the shortest distance by which two kinks can
be separated and still retain their identities. It is
intuitively apparent that this will be of the order of
one atomic spacing, but it is not clear how one can
evaluate it more closely. 1In this work, it will be taken
equal to one atomic spacing; if a more accurate value
becomes available, it can be incorporated into the analysis
quite easily, as this parameter will be retained as an
arbitrary constant in all equations down to the point at
which numerical computations are necessary.

The second problem has to do with the type of
problem treated. 1In the experimental work requiring
theoretical analysis of parallel kink behavior, one
generally is given a kink density and is interested in
its theoretical properties(6’33’78); on the other hand,
in studying problems where antiparallel kink pairs are
important(15’16’17’29’32’62’64’75’76’77) the real
question a theory should answer is this: given a
dislocation segment under fixed external conditions,
what is the most probable number of kink pairs upon it?
This question cannot be answered by just constructing
functions analogous to those in reference (38), and the
natural approach to the problem is the use of constant-

(72)

pressure grand canonical partition functions However,
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it appears that the best way to deal with this problem
is by an approximate technique based on physical intuition
and the reasonable assumption that kink pairs interact
relatively weakly. This is contained in Chapter 5.
Assuming a Coulombic potential, it is possible to
construct constant-pressure canonical partition functions
for systems containing arbitrary numbers of positive and
negative kinks; this calculation is outlined in Appendix
C. However, this is difficult and not particularly relevant
to either of the situations of physical interest as discussed
previously; for, in the case of parallel kinks such
partition functions are irrelevant, while in internal
friction studies one generally assumes that equal numbers
of kinks of each sign are nucleated and that they remain
in closely spaced pairs. If one treats this situation,
he arrives at a picture of typical kink configurations
resembling Figure 2: the dislocation contains closely
spaced kink pairs linked by a relatively strong interaction
between the kinks in the pair but with only a weak inter-
action between different pairs.
Consider now this situation; let the Laplace transform
function corresponding to "strong" interaction be F,(s)
and that corresponding to "weak" interaction by Fe(s).

Then one can write analogues of equations (3.8), (3.9) and

[(3.11).
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N I\ L Qrp 4. _ E(q‘,,,qw)
(3.-19) Q=5 & g S X et dg,-- A5y

]

qt *g
N G ACRE ) R AL TR g SRR ALY
(3.20) Q= D: D-g Xe € A e J4‘..J*~

° 4 °

-& N N
21y e D" 0 [£0] [£6)]

The properties of the functions Fl(s) and F2(s) will
be discussed in the chapter on the application of this
analysis to specific problems. For the moment, attention
will be centered on the question of physical importance:
given the functions and equation (12), how can one
determine the behavior of a dislocation containing kink
pairs; and in particular, how can one determine the
equilibrium density of kinks arising from thermal
excitation?

Considering the elegance and simplicity of grand
canonical formulations, it is unfortunate that the grand
canonical constant-pressure formalism mentioned in the
last chapter cannot be applied successfully to the present
problem. However, the fact is that it cannot; and, in
order to deal with the problem, it was necessary to make
use of a nonrigorous treatment. This treatment is, however,
physically reasonable and the weak spot in the argument

lies in the identification of a parameter appearing only
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as a multiplicative factor in the solution and which should,
in any event, affect the solution only by a uniform scale
factor of order unity.

Suppose one regards the kink pairs as independent
entities (which is a good approximation at reasonable
temperatures and stresses because of the large energy
of kink formation) and associates with them a typical
length, say ten lattice distances. That is, the dislocation
will be thought of as made up of segments of this length,
each of which either contains one kink pair or no kink
pairs (the neglect of the possibility that such a segment
might contain more than one kink pair will be seen to be
physically reasonable); it is assumed that the probability
of a given typical length L., containing a kink pair is
small compared to unity. It must be pointed out that
there is no way of saying that the correct value for the
"typical length" is ten lattice distances rather than
twenty, but it is intuitively reasonable that it should
be on this general order of magnitude; certainly it will
not, say, be as small as one lattice spacing.

Under these assumptions, one can regard the
distribution of kink pairs on their typical lengths as
being governed by a Maxwell-Boltzmann distribution; hence,
the number of kinks per unit length of dislocation line
should be given by:

: L
A
Lo (F¥)e

(3.22) & Jre
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Here L is the typical length and u the average
internal energy of a kink pair. The evaluation of the
average internal energy of interaction of a kink pair,
for a given pressure, is easily carried out and,
adding to this the kink-pair formation energy, one
arrives at the average internal energy U. While the
kink pressure appears to be an arbitrary parameter, it
really is not so, because of its definition as an
average energy derivative(uo). Hence one gets the kink
pressure and the average internal energy of kink pairs
by a self-consistent process which is easily carried out
with modern computational equipment. The inclusion of
external stresses in this calculation is easily carried
out, as will be seen in Chapter 5. The details of the
computation, and its application to internal friction,

are also included in Chapter 5.



CHAPTER 4

SYSTEMS OF PARALLEL KINKS

The properties of systems containing only parallel

kinks can be developed readily from (3.17) and (3.18):

u, 2 k,(?)
(3.17) w " kT % K,(2)
Z=205 | A

wT VA K, (2)

—_—
P VP Kk, (2)

(3.18) 4 -

Using function tables in Abramowitz and Stegun(l),
these quantities have been evaluated for various kink
pressures and densities in aluminum and silicon, and
the results tabulated in Table 1 and Table 2. Screw
kinks in pure edge dislocations, probably the most
important type because of mobility consideration, have
been assumed in these computations.

To get an idea of the relative size of the
interaction effects, one may calculate the self energy
of a kink in the same approximation, using the

(%7)

expression

s AL bia

z I
1) EsF o "%

where a is the lattice spacing,

b the Burgers vector, p the shear modulus, and v the

26
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Poisson's ratio. Assuming b = a and using elastic data

from Southgate's paper(79) for silicon and from Lothe's

(54)

paper for aluminum, one estimates:

For Al, E: = 6.55x10 2 erg

S

For Si, ES

45.0x10 12 erg

The exact numerical values do not mean much, either
here or in Tables 1 and 2; both the estimates of self
energy and interaction energy are probably in error by
as much as 25 per cent because of the various approxi-
mations used. It is important to note, however, that
most of the approximations used (see Appendix A) will
affect the self energies and interaction energies in
about the same way so that one would expect comparisons
of self energy to interaction energy in a given system
to be better than either of the estimates taken by itself.
It is of great interest to note from these tables that
there are physically reasonable systems in which the
interaction energies are as large as the self energies.
Moreover, since interactions between parallel kinks
which are not nearest neighbors will be, whatever their
magnitude, almost certainly repulsive, these estimates of
interaction energies are probably low. This indicates
that workers(3’18’19’20’32) who disregard interactions
altogether are probably significantly wrong, at least
as far as energy estimates enter their calculations.

While this formalism has been developed to study



internal friction, it is of interest to note its
application to the theory of work hardening and, in
particular, to the so-called "forest dislocation"
approach(s). Consider a '"forest" of parallel
dislocations threading a slip plane. Suppose that the
average unimpeded length of a "forest dislocation" is
D', and that the work hardening is taking place by
formation of kinks in these forest dislocations as slip
takes place in the slip plane(27); suppose further that
the kinks produced by intersection are mobile within
the limits of the segments of average length D', and
are prevented from leaving these segments by some of
the various possible types of restraints at the

segment ends.

Qualitatively, one could then predict the course
of work hardening as follows: initially, the kinks
produced would be more or less independent, and would
spread out through the segments. In this region,
interaction effects would be slight and one would
expect that considerable strain could take place at a

stress mainly determined by the energy required to

produce a kink, without taking interactions into account:

(4.2) [(g, 1) dL]s: N E L] s

In (4.2), s is the width of the crystal, dl is the

length through which the slip dislocation moves, N  is
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the density of forest dislocations, and go is the
constant stress. After a certain time, the interaction
energy would become significant, and instead of Ez one
would have to use Ez + EI’ where EI is the interaction
energy per kink. This would then raise the required
stress considerably; for, as the geometrical
relationships entering into (4.2) would be about

constant, one would have a stress given by:

E; tEr
(4.3) o =0, ( e

Thus, at given temperature, one can see that this
picture will correctly predict (qualitatively) the
transition from the region in which deformation is
approximately described by ideal plasticity to that in
which work hardening is important. Because the internal
energy of interaction of kinks will increase more
rapidly than linearly with kink density, as may be seen
from the tables, the work hardening curve is concave upward
until the kink pressure is sufficient to break down the
obstacles to kink motion, at which point the curve will
have an inflection point. Because of the sharp increase
in kink pressure with temperature if other experimental
conditions are the same, one would expect the stress
at which the inflection takes place to decrease sharply
with temperature, and also the amount of strain before

this "forest breakdown" (in the work-hardening region)



to decrease sharply with temperature. All these
predictions are confirmed by examination of the data

of Berner(lu)

on aluminum. Quantitative estimates
cannot be made, because of the difficulty of estimating
such parameters as D', but the qualitative agreement is
important, as it seems to cover points that, in the
original forest work hardening theory, had to be dealt
with by separate ad hoc assumptions. If one writes

£ 4 Er (’E") + Ec.u(D'; %

(B4 2 = _?

T

E;
where Ecoll is now the non-
nearest neighbor contribution to kink interaction
energies (which is neglected in the present treatment)
one can ask of any treatment of work hardening: by how
much can this ratio exceed unity? 1In the usual theory
this is a very embarrassing question, because it is
difficult to see how it can be more than 1.2 or 50(27).
In the present treatment it can easily be seen to be as
large as 2 in some cases. This is still lower than some
observed data, but is a step in the right direction and,
what is important, it arises naturally from the forest-
dislocation treatment and not from any specially
introduced hypothesis.

The question of the line tension of a dislocation
line containing kinks has attracted considerable

attention. Brailsford(ls) has pointed out that, if kink
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interactions are neglected, certain types of dislocation
line segments have zero line tension; Eshelby(33) has,
on the other hand, remarked that, if one takes these
interactions into account, all dislocation segments
should have some line tension even when they contain
"built-in" kinks. It seems to be of interest to use
this formulation to study line tension in dislocations
containing kinks.

The simplest case, and that leading to the highest
effective line tension, is that in which a previously
straight dislocation line is "bowed out'" by creating
and moving kinks so as to give it an effective radius
of curvature. This is illustrated in Figure 5.

To analyze the situation in Figure 5 one must
first assume the separation L' to be much greater than
the "kink lengths" L, and assume that interaction across
L' contributes little to the energy of the situation.
Referring to the figure, one sees that the total length
of the kinked dislocation, neglecting the actual length

of the kinks, is given by:

4.5) Lo = L +2{2+ e

Noting that the original length is just L' + 2L,

the change in length is given by:
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Assuming that Nb(L) ' is small,

(4.7) AL = b N
L

Recalling also that the energy required to create

this situation is:

s
4.8) AL= 2N (E +Er)
One can estimate the effective line tension as:

(h.9) BE _ 20 (E tE)
L N LL

Values of this energy derivative for various
physically interesting situations are included in Table
C. Recalling that the flexible-string approximation(ET)
gives a line tension of about % wb2, which is about 10 4

erg cm *

in aluminum and 6x10"% erg cm ' in silicon, one
notes that in this case the kink-model line tension is
quite large. It is also worth noting that the inter-
action contribution to the line tension is quite large
in silicon but relatively small in aluminum.

The other possible line-tension problem of interest

is that of a dislocation line containing built-in kinks

such as are illustrated in Figure 1, which changes its
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shape due to kink redistribution under an external stress.

It is impossible to generalize in these cases, but one

might say that, where the basic effect of the applied

stress is to redistribute already existing'kinks, the
effective line tension of the relevant dislocation lines

in aluminum should be small. 1In silicon, however, as

can be seen from Tables B and C, there would be a considerable
tendency of the kinks to resist redistribution and a

correspondingly larger line tension.



Figure 5 Dislocation Bowing under applied stress.
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TABLE A

KINK INTERACTION ENERGIES IN ALUMINUM

FOR SCREW KINKS IN AN EDGE DISLOCATION

The following physical parameters are assumed:

L = .28x10'2 erg cm 3
v = .287 = Poisson's Ratio
b=a=2.8x10 em

. “232“ - %:3\7 = 44510720 erg cm

at 10°K:

P, dynes ~%x10 sCm Nearest neighbor
distances per kink

1077 22,4 79
5x10~ 8 30.0 10.5
10 R TT:4 27.0
5x10°° 121.9 42.6
1072 321 112
10" *©° 1842 645

E
ﬁl’ ergs

2.08x10 **
1.45x107 14
6.34x10 'S
4.41x107 15
1.83x10™ 1'%
5.89x10 &

55



At 100°K

E

P, dymnes %x 10 ,cm Nearest Neighbor ﬁl ergs
distances per kink
10°° 7.73 2Tl 6.35x10 4
5x10" 7 11.6 4.04 4.38x10 14
1077 32.2 11.3 1.83x10 14
510" ° 52.2 18.2 1.23x10 14
107" 197 69 4.67x107 1S
10°° 1475 516 9.50x10 1€
At 300°K
E
P, dynes %xlo »Cm Nearest neighbor ﬁl’ ergs
distances per kink

10°° 9.34 3.4 5.86x10 14
5x10° 7 15.0 - 5.26 3.93x10 *4
1077 53.2 18.6 1.79x10 4
5x10° 8 113 40 9.14x107 1S
1078 4y 156 3.01x10° 'S
10~ ® 4200 1470 1.18x10™*5



TABLE B

KINK INTERACTION ENERGIES IN SILICON
FOR SCREW KINKS IN AN EDGE DISLOCATION

The following physical parameters are assumed:

L= .7x10%*2 erg cm 2
v = .3 = Poisson's Ratio

= a = 4.0x10° cm

212 - -
A = agg L. %_5V = 4.08x10 2° erg cm
At 10°K
P, dynes %xlo ,Cm Nearest neighbor
distances per kink

1076 20.4 5.1
5x10°7 28.9 7.2
1077 65.0 16.2
5x1078 93:0 23.2
1078 337 84.3
107° 1990 498

E
1
-I—\I-— ergs

2.02x10" '3
1.42x107 12
6.40x10 4
2.68x10 '+
1.99x10 *#
6.04x10™ 'S
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P, dynes %xlo ,Cm
16™ 6.58
5%10" © 9.35
10°° 21.6
5x10° 7 31.4
1077 78.0
107° 340

P, dynes %xlo ,cm

10°® 7.80
5x10” ¢ 11.82
10 ¢ 33.6
5x10 7 55.5
1077 205
107° 1550

At 100°K

Nearest neighbor
distances per kink

1.5
2.5
5.4
7.8
19.5
85

At 1000°K

Nearest neighbor
distances per kink

2
3
8.4
13.9
50
390

E

I
N’ ergs

6.40x10™*2
4.52x10 12
2.02x10" 12
1.43x107 12
6.42x10"*3
2.07x10 *+°

§l, ergs

6.39x10 *2
4.53x10 *2
1.99x10 *2
1.39%10™ =
6.16x10 *2
3.56x10 *3
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TABLE C

ENERGY DERIVATIVES IN KINK CONFIGURATIONS

Silicon at 100°K E, = 45x107*° erg
%,cm 9.35x10"%  21.6x10"© 78x10"®
%E,ergs em * 10.5x10 4 17.6x10 % 50.1x10 ¢

Silicon at 1000°K

%,cm 11.8x10 @ 55.5x10 & 205x10° 8
%%,ergs em * 13.2x10° % 40.9x10 % 131x10 *
Aluminum at 100°K E, = 6.55x10 2 erg

%, cm 11.6x1078 52.2x107 8 197x10" 8
%%,ergs em ' 19.8x10°° 85.7x10 S 318x10° S

Aluminum at 300°K

%,cm 15.0x10"8 53.2x10" 8 113x10°8

%g,ergs cm * 25.6x10 ° 87.6x10 ° 183.6x10 °
L



1.5

o in Kilograms per millimeter square

T=90°K

O.1 0.2 03

Figure 3 Work hardening of 99.99 percent Aluminum
(Taken from Berner (reference 14)
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CHAPTER 5

KINK PAIRS

Suppose a pair of unlike kinks is subjected to an
applied stress o. Then, if B = (kT) 'b2c, one can derive
the forces on the kinks from a potential:

£(x)= ~AXx"' - BLT X xX>¢
(5.1)
£,(x)=@ X< €

Suppose also that the "weak interaction" mentioned
in Chapter 3 actually corresponds to no interaction at
all. Then one can treat the kinks as independent entities,
and determine the various additive properties of the system
(e.g., energy terms) by simply summing over the kink
pairs present in the system of interest.

Now if Hi(x,y) are defined as in Appendix D, the
transform funétion is given by:

® A -B) x
(5.2) F(s)=| e ™ e"(s ] Ix = € Ho(e08), 2)

€

Referring to equation (3.10), one sees that:

A
(5.3) G = - NT I[eD] ~MVkT I He(ets-8), L

Using thermodynamic identities, one can derive an

expression for the internal energy of interaction of one



kink pair:

» H., (€(s-8), %) e
(5.4) Ug= -V H, (els-8),%) € kT

To proceed with the solution, consider the probability

that a dislocation of unit length contains N kink pairs.

This is:
’ H-\ (ﬁ(:-l?),x) ]
_ N [F % H,(€(I-3),Y)
(i
(5.5) F: @ i [ %o Y Het (6‘(1-3),“()
Lo e- T Ho (el ]
o f‘g)) r)

Here, U0 is twice the self energy of a single kink
and L, is the typical length discussed in Chapter 3.

In this equation the sum should really not be taken from
zero to infinity, but rather to some large number which

is the total number of distinguishable kinks that can

be contained on the dislocation line. But the exponential
functions should be rather small because of Uo, so the
difference should be very slight.

The question arises: how does the population of
kinks affect the internal friction? It can only do so
when kink pairs collapse, for the in-phase motion of the
kinks in a conservative field will contribute nothing.

The average number of kinks is easily evaluated; letting:
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Moy H(€l5-8),¥)
(5:6) x =@ " o THeleG-8),7)

and recalling that:

@
(5.7) Z_KM: i g 1ERE]

M=o

one sees that:
@0

[ 4
¥ P
B L, S e o = (HX)

e
M=o
The convergence of all the series used here is

(5.8)

|z

guaranteed by the condition |x|<l; if this condition

did not hold, the dislocation would not be stable in the
crystal but would propagate to the surface by kink
generation.

The method used to evaluate internal friction
contributions is as follows: by a self-consistent
pressure calculation and equation (5.8), one can
calculate the excess kink pair population for given
stress over the zero-stress value. This, multiplied
by four times the self energy of a kink, gives the energy
decrement by this mechanism per cycle from positive to
negative stress and return. This calculation was done for
aluminum and silicon. Decrements and populations for
aluminum are contained in Table D, for silicon in Table E.

It must be noted that this contribution to internal

friction is independent of frequency at low frequency
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and hence cannot be identified with the Bordoni peak.
Thus, if one attributes the Bordoni peak to kink
behavior, it must be ascribed to the response function
for the kink distribution to internal stress, a
nonequilibrium property which 1is outside the scope of this
work.

Table F gives transform functions for screw kinks
in aluminum and silicon for various physically
interesting values of the parameters; it is thought that
these may be applicable to other physically interesting

computations.
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CHAPTER 6

SUMMARY

In this work, it has appeared that, for systems
of parallel, "built-in" kinks, elastic interactions are
probably quite important and must be taken into
consideration in calculation of such properties as line
tension; and second, that in the treatment of pairs
of antiparallel, "thermal" kinks, elastic interactions
are almost wholly irrelevant except at temperatures so
low that the thermal excitation of kink pairs can be
wholly disregarded as far as observable effects are
concerned.

The first conclusion is hardly surprising; despite
the conjectures of Ardell(s), Brailsford(ls), and others,
a picture of dislocation behavior based on complete neglect
of kink interactions contains fundamental inadequacies

as pointed out by Eshelby(33).

The only surprise is
that the effect is not greater, and it might well be
greater, were one able to develop and use a more realistic
potential (as was pointed out, this cannot be done because
of the present lack of knowledge about the dislocation
core).

That the interactions are of so little importance

in the case of "thermal" kinks is a distinct surprise

and suggest that, in spite of the crudeness of their
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assumptions, the work of Schiller and Seeger(TG) is
probably quite close to the truth; from this work, one
can visualize as a logical and physically reasonable
approximation the ad hoc assumption they were obliged
to make regarding interactions. Even if the potential
function used here is seriously in error, this will still
not change this result; as may be seen from Table D,

it would take a change of several orders of magnitude
to make a material difference to the interaction
contribution. While the Kroupa-Brown potential is
approximate, it is unreasonable to suppose that it is
so much in error. Besides, one can see heuristically
from the development that the errors made in developing
the potential should have resulted in overestimating
rather than underestimating the interactions.

One can construct a heuristic argument to account
for the insignificance of the interaction term in the
treatment of kink pairs: imagine a pair of unlike kinks,
more or less tied to each other, and undergoing a fairly
small pressure from outside. Suppose one wished to
raise the average interaction energy of this kink pair
by changing the external parameters of the system; he
could either increase the pressure to force them closer
together, or lower the temperature to reduce the thermal
excitation which keeps them apart. In either case, one
can see that the changes in external parameters would

be likely to make the kinks recombine, recovering their
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elastic self-energy. Thus, to produce an interaction
energy large in comparison with the self energy, one
would have to go to stress or temperature conditions
where the equilibrium population of kinks would be
very small.

A discussion of the relevance of the values obtained
for the logarithmic decrements (Table D columns 4,5,6)
seems called for. It will be noted that to secure the
actual logarithmic decrement from the numbers in these
columns, one must multiply by the length in centimenters
of suitable dislocation lines per cubic centimeter of
material. Assuming a dislocation density of 10% cm 2
(which is reasonable for a deformed metal) and that 102
of the dislocation length is of sutable orientation and
type to participate in these processes (which seems
reasonable), one sees that friction from this source
will probably be quite small in silicon, but it may be
detectable in aluminum.

It is interesting to compare the results obtained
here with those secured by other investigators. Past
work on the Bordoni peak(15’16’17’29’59’75’76) has
shown fairly conclusively that one of two processes is
involved: either a change in equilibrium kink densities
with applied stress (as discussed in Chapter 5) or a
relaxantion-time phenomenon associated with kink
movement. That is, the peak arises either as a static

statistical-mechanical effect, or as a truly dynamic
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effect, having to do with rate of approach to equilibrium
rather than with the equilibrium itself. It has been
generally thought(75’76) that this peak was due to a
relaxation time phenomenon, and this is confirmed by the
present calculation.

The dependence of the logarithmic decrement upon
strain amplitude is a matter of interest. Investigating
the behavior of kinks in connection with internal

(80)

friction, Suzuki and Elbaum predicted a rather
peculiar dependence upon strain amplitude, illustrated

in Figure 6. This is totally different from that
predicted in this work (Figure 7). However, Suzuki and
Elbaum assumed that one knew that at zero stress the kinks
would lie on certain specified points, and would not
mover very far from them on application of a stress.

This is a wholly different approach from the present one,
in which not only are the locations of the kinks treated
as unknown variables but even the numbers present. The

present work suggests that the assumptions made in the

work of Suzuki and Elbaum are not well founded.
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CHAPTER 7

CONCLUSIONS

The problem of kink interactions has been rather
thoroughly solved in the case of systems of parallel
kinks, making no approximations except the use of the
Coulombic nearest neighbor potential. In the case of
kink pair behavior, an approximate solution has been
obtained based on physically reasonable assumptions.

In the former case, it is found that interactions
are often physically important; in the latter, they are
in general not so, at least as far as equilibrium properties
are concerned. The results are discussed in the light
of previous work and previous conjectures regarding inter-
action terms. It is found that, in general, this approach
leads to improvements in the theoretical explanation
of experimental data, and to confirmation of some of
the more generally accepted conjectures on the subject
of kimk interactions.

The basic purpose of this work was to demonstrate
the possibility of including kink interactions within
the framework of dislocation theory by the use of constant
pressure ensembles. This has been accomplished and
qualitative checks made on the work. Quantitative

calculations must await a better knowledge of dislocation

core effects.



Appendix A

THE CALCULATION OF KROUPA AND BROWN''T)

Consider an infinite straight dislocation line lying
along the Z-axis and having a Burger's vector b. Suppose
b is resolved into three components: bS in the Z-direction,
be in the X-direction, and bp in the Y-direction. A kink
pair will be produced in this dislocation by bringing up a
long rectangular dislocation loop, r long by a high, where
r > a, and affixing it to the line.

The energetic analysis of the problem will be this:
let the energy of the straight dislocation line be E;s
that of the loop E2. Let Eqy be the extra energy needed to
create the loop because of the presence of the straight
dislocation, and to bring it up into its final position.
The "kink energy'" will now be E, = E, + E;,. Suppose that
this can be resolved into two factors: E, = 2E + EI(r),
where EI(r) vanishes as r —> 00. Then E_ can be

identified as a "kink creation energy" and E. as a "kink

I
interaction energy'". It is not obvious that this analysis
can be made, but it will be shown that in fact it can.
For the resolved Burgers vector one can write
- wP . g€ S _ pP o g€ s _
E, = E. & E; + Eg and Eq Ey +E; + E7 . The self-energy
of the loop can be calculated as (69):
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Here ¢ is the "core radius" of the dislocation.

The excess energy of the loop due to the field of the
straight dislocation can also be evaluated as a sum of

three terms:

T
Ep = 2alh) yind
(A.2) 277 (1-9)
v
E: - —M(LF) rlh%
2z (1-V)
g™
E‘“_z - (k) rln%
z2m(1-v

Adding the contributions and performing the suggested

decomposition,
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i (1-v)

Es': a(bg)i[’h . .

I-""

E: = *“(I’f)ta" [’h 24 _,7_1-1:]

4 (1-v) &
Also,
gP sl bad® &
(A.4) ’ SEES S
ESI = —ﬂ(bf) (lf"ll)'—"'
Bﬂ(l\ﬂ
T
E: » ~aclbe)’ (1—1\’)5;-"
™ (-

Here it has been assumed that a/r is less than unity;
this does not present a serious problem, as it is hard to
imagine a problem of physical interest where this would not
hold. But it is also assumed that a/c is at least 4, and
this is a serious objection; it means that, while the
potential will be reasonable for crystals with strong
directional bonding, where one would expect a very narrow,
sharply defined dislocation, one cannot apply the potential
to, say, copper, where one has reason to believe that the
dislocations are big. Eshelby(aa), however, feels that the
potential is actually better than the derivation makes it
appear and that its application to problems not falling
under these restrictions ought to be considered. Seeger and
Schiller(58) claim to have developed this potential without

these restrictions; however, their paper does not present
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their computation in sufficient detail to permit one to
judge its value.

This method cannot be applied directly to antiparallel
kinks; however, by considering a dislocation plus two
semi-infinite loops, Kroupé and Brown arrive at an inter-

action potential:

« oy (e (b ] 5
(8.5) £z - Er(1-v) [(b') +C
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Appendix B

1
GURSEY'S SOLUTION TO THE HARD-SPHERE GAS PROBLEM

Consider N identical particles constrained to move
along a line of length L. The classical canonical-ensemble
partition function of the system is

® ®  ©

© 'i% lp., d d
{ LA e X .. dX
8.1) Z(T,L,N)= .ﬁi L g j € Anet )

-2 P

Suppose that the Hamiltonian of the system is separable:

N
(B.2) H = Z TR ¢ S 70) R
2 m

rey

where U' is a constant (energy
zero adjustment) and U is a symmetric function of its

arguments. Integrating over momentum and noting that

g'— ..... S"q)(x,.. Xo)da, - dxy = N!XL%“'...SMCP(&W xw)dr, - dxy

[ ° 9 w
p=e ™"
we arrive at the following expression:

2Tk T N

Z(T,1,N)= (“‘,;—‘)7 Q

[ LIV X,_ _b(_..
&:S X .-.,S e nT J}l,.,.JXN-IJXM
©

(B.3)
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The following assumptions will be made:
1) 1lim E(x) =0
x=->0
2) The particles are held together by two

particles located at x = 0, x = L.

3) There is some finite cut-off in the

potential (this condition can be relaxed but need not be for

the present problem).

4) Particles which are not nearest neighbors

do not interact.

Then if
e el ]
e
one has: X
Loogli-vn) (Y 0 na) (T i, = k)
Q= g & X e e
(B.4) ° ° o
X
Sze--(f(k;'*') e-;(x.) Sxn e dxp dXmar d X
]

Referring to Doetsch(30) one sees:
N

o _g)
(B.5) g e QL= @ls)= [I(e F )] s 5

)

\0

This expression can be inverted (again according to

Doetsch) as:

C+it0

(5.5) Q(L): S[i(e.f(c))]/\mesl.q’s

(
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Now consider:
pain Re (<) sRe (any pole of @(L))

Sesl- ORI
c-io
Carslaw and Jaeger(26) have shown that, if

Rele, - 9% 9 =< mw,; then this

IQL)| < cr¥, k > 0 when L =

integral is equal to:

\ sL
— L) €
s {cp’( )& Jg

where the contour contains all the

poles of the function Q(L).
This is all one needs to construct a partition function

for the hard-shpere gas. If the hard sphere radius is o,

then the transform function is given by:

a @ _ _as
SO-JL*“SQSLJL = s le
0 a

Then it follows:

Ls -(N-f') _(ruﬁ)SO"
ds

B.7) QL) = 77 §¢€

This obviously has one pole of order N + 1 at s = 0.

As is known, the residue is:

- (V)T N
| dN Swl es{L m ) _ [‘L—d"(N'f'l)]
-IG-'-_ asM i - - n !

So the partition function is:

ZTTMkTJ!:_. [L-U‘”(N’”)] &

(8.8) Z(T)Lf"')z( o
N

This agrees with solutions by other methods(au);



Appendix C

SOLUTION FOR ARBITRARY NUMBERS OF POSITIVE AND
NEGATIVE KINKS

In this appendix, a Laplace-transform procedure is
applied to obtain a fundamental thermodynamic equation of
state for a mixture of two different kinds of objects
(which will be identified as kinks of different signs)
constrained to move on a line (identified as the dis-
location containing them), and interacting with a Laplace-
transformable interaction energy function (corresponding
to the Kroupa-Brown potential); it is assumed that only
nearest neighbors interact.

Consider (N+2) impenetrable objects located on the
X-axis and constrained to move in the X-direction only.
These will be numbered serially in order of increasing
X-coordinate: 0,1,2... N,N+1l. The zeroth object is con-
sidered to be fixed at x = 0, the (N+l)th at x = L; the
coordinate of the ith object will be denoted by X, . The
objects are of two types: there is a fraction g of objects
of type 1 and a fraction (l-q) of objects of type 2; q is
such that (N+2)q is an integer. It is assumed that the
potential energy of interaction between objects numbered
i and j is zero unless |i-j| = 1, in which case it is
kamn(|xi - xj|), where atom i is of type m and atom j of

type n. It is assumed that fmn(x) = £om (%)

60
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The total potential energy of the system is given by
N+l
(c.1) [ = LLTZ«CM(XJ-XJ-J
=t

Furthermore, if Dm is the internal partition function
of an object of type m, and m_ is its (generalized) mass,
1
and if L, = h l(2'n'mka)2, the partition function of the

system is given by:

‘ -¢)N
p I N[/2 (-9
e a- (3 (3

I [a(nv<2)]t [(-nn<2]!

where q' = gqN(N+2) * and

L L £ E
C°3 = - Rt
(€3 Z Z[S ....Je Dx, - dxy dry
s % e

o

The sum over S denotes a sum over all possible
orderings of the (N+2) objects on the X-axis.

In each term of the sum over S, the position of each
object, say that numbered j, is restricted by the require-
ment Xj~l < X.

J
in question would correspond to a different ordering of

< Xj+15 for, if this were not so, the state

atoms, and hence a different term in the sum. Hence (C.3)

can be rewritten

(C. %) Z’ Z X: §:~ X

X &
Le--:? JX,-"JXstJXN

o4



Furthermore, it can be seen that all states in S
differing only by the interchange of identical atoms will
make equal contributions, so the sum over S may be replaced
by a sum over S', the distinguishable states of the system,
with each term in S' counted [q(N+2)]! [(1-q)(N+2)]! times.

Then (C.2) may be written

‘N D, (-4) N L > % &
(C.5) Q=(%)q' (-:.i:) ZS S S e’ dx, .- dxyo, Ixw

5! .

Using the expression (C.l) for the energy of the

system, this leads to:

; ()N ¢ ~ XN g Xpy~Kpoes
I /D Cas
(C- ) Ly t = "

x" K;-—)r. - '
S e—-‘ﬂ."\( )e -F,_n()f ) JK,.. JKN._,JxN

o
where each pair of m and n

depends, of course, on the term in S' under consideration
(the parameterization is omitted for the sake of brevity
and clarity in the expressions).

Equation (C.6) is in the form of a sum over multiple

convolutions(30). As was noted in Chapter 3, if

(»

cn TH) = f RICRT

Then

62
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where f¥g denotes the convolution
of the functions f and g. This can be shown to hold also
for multiple convolutions.

As noted in Chapter 2, it can be shown that

G
6,55 e— T re’”'a(:.).h.

(]

Before applying this to Equation (C.6), it seems
desirable to establish some notation. Let the total number
of nearest-neighbor pairs in which both objects are of type
1 be Nll; likewise define N22; and let N12 be the number of
nearest-neighbor bonds between unlike objects. It is easily
seen that, if the total number of objects is large enough
so that end effects can be ignored,

Ni?_

(c.10) Ny * = & g N Ny, *

= ()N

For convenience, let .
10 1= By
Taking the Laplace transform of (C.6) and using the

notation just established,

(1-¢)N

G D, g D, N (1) Ny (8) Ny (5)
(c.11) @ " (".'_5") ( L’:) ZE Ez E,

s-l

n
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For sufficiently long chains, (C.10) will hold, and q'

will be arbitrarily close to q. Then one can write

In the limit of an infinite system, this sum may be
approximated by its largest term, according to the method
(40)

of steepSet descents This process is exactly analogous

to the one-dimensional Ising problem, which is discussed in
detail in Hill's book(uo). For completeness' sake, this
analysis is outlined in Appendix F.

It is shown that the maximum term corresponds to

(c.13) t= o - (1-€" X [l* [;_44(/-4)(/-{28)]%]

where B =

In

And, in the limit of large N,

1-g)¥ N B

———

- T Dlpnqu D\.F’»l(
(c.14) € (T) —

L,

g(t"’) e

In (C.14) g(tN) is the multiplicity of the maximum-
term state.
Inserting the value of g(tN) from the one-dimensional

Ising treatment, one has:



" 1 Fi2 _-E.
(c.15)_g%_= _q,“(ﬁ%)-(i-q)u,(P ;1)_B-b+q.|h(l-2$)

t t £%
—— — I
+(l-%)'"("‘ zu—aJ) G ([_’zq-t] [z(t—e)-t])
Letting s = (kT) *p, p being the (one-dimensional)

pressure, one has for the volume:

2B

E 1-9) yF 33)- ._)

(o, 16) Loe =L g . =9 9___) = B5e] % T
N R, s /¢ Fy 35 /T " T

” -%‘t)r[’“t -iln{(zq-f)(zf*-ﬂl-f)l ]

Equations (C.15) and (C.16) constitute the final
solution to the problem for arbitrary kink populations.
Considering the complexity of these equations, it is
fortunate that the general problem treated in this appendix

appears to be of little physical interest.
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APPENDIX D

PROPERTIES OF TRANSFORM FUNCTIONS

In this work, the following types of integrals,

referred to as "Transform Functions", are used:

® s
(D.1) Xe € dr

-]

a0 __A__r-|
(D.2) S ST ™

€

S= _E-
kT

Integrals of the form (D.l) are readily expressed as
modified Bessel functions of the third kind(86). However,
integrals of the form (D.2) cannot, apparently, be expressed
in terms of a finite number of tabulated functions. 1In
this appendix the properties of these integrals will be
developed.

If one lets:

A
(D.3) e—:—-l:‘r—;"r 'j SE = X

m “?
w
~

then it is possible to express (D.2) as:
| ® _xt 2
(D.%) € f e e* dt

Therefore, rather than study the transform functions
themselves, the functions studied will be the Hk functions

defined by:
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R 3
t

"
(0.5) Hy (%9 &t e eT a
i
These functions cannot, apparently, be evaluated in
closed form. However, certain important derivatives can

be secured by use of the chain rule:

YH (%) . . X (x9)
(D.6) G )T' ) P M
(%,9) X 3 - —1— _‘('K,';J)
(D.T) B_H_;f-_{-:—-—-)P = -:F" HKﬂ lx ‘j) T Hk

These derivatives are just those needed to evaluate
the thermodynamic properties of kink distributions.

More interesting properties can be developed by
regarding the H; as functions of x only, with y as a fixed

parameter. Integrating by parts, if k # -1,

9-x
- K "j
(D.8) HK(";‘J) = -—E—l-“ + 7773 Hiceo (x, ¥) 4 T Hiey (x9)

Also by noting that:

dH, (%) _ y
(D.9) Sx ).:, = % Hyo 140

one can see that the Hk functions

for k # -1 must satisfy:
e’
-J-—l- + Kﬂ‘T’J— + -—Lg—] HK(Kfv) = Tx
(D.10) (dx* X dx X




Unfortunately, this is not an especially tractable
differential equation (especially considering the boundary
conditions), though it is clearly Fuchsian about x = O.

Another approach to these functions was suggested by

¥. . Duke'80), febbing:

W
(D.11) XY= —%’: xt=27e € 1)
one arrives at the representation:
©
v _-uw 'ZC‘#SL‘W
_ [2x e e dw
(Dn12) HK(XJ‘?)- (2) [

zK
In 3
Now suppose one considers the behavior of functions

@®
v - ZciFhWw

(0.13) B(2) = [e e d w

a.

Obviously, if a = -» , B(z) = %Kn(z), where K 1is

again the modified Bessel function of the third kind.

The B functions satisfy a differential equation:

-.av - osh
;£42£~(21+v=)s=e“ ~ i
(D.14) Z “dz* dz

A solution of this may be got by the method of

variation of parameters, in the form:

- w2 L (7)) + v (2) kv (2)
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Then the problem can be solved if one can conveniently

evaluate such integrals as:

o jz-ce_zcos'wﬁ- I, (212

Unfortunately, these again are somewhat intractable.

It appears from these efforts that, even if one could
get integrals of the form (D.2) in closed form, they would
probably be rather intricate and not especially well
suited to numerical manipulations.

Accordingly, a straightforward numerical approach
was used and no effort was made to simplify or solve the
problem directly. The numerical treatment will be discussed

in Appendix E, and the results tabulated in Table F.
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APPENDIX E

NUMERICAL EVALUATION OF TRANSFORM FUNCTIONS

The method used to obtain transform functions Hk(x,y)
is that of Gauss-Laguerre quadrature, as described by
Hildebrand(Bg). The zeroes and weighting factors used
were those of Lowan(56).

The quadrature used was a fifteen-point one; the
reason for this choice was the nonavailability of accurate
tabulations of zeroes and weighting factors for still
higher order quadrature. The results were checked by
reworking the calculations using fourteen point quadrature
and the results were found to agree quite well, in most
cases to six decimal places. Gauss-Laguerre quadrature
was chosen because this type of quadrature gives higher
accuracy in the evaluation of integrals having the form
of Laplace transforms than do other methods involving the
same amount of computational effort (this is discussed
in detail in Hildebrand's book).

The results of this computation are contained in
Tables F-1 through F-6. Should values of Hk(x,y) be desired
for other values of k, they may be generated by the

recursion relation developed in Appendix D.
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Appendix F

EXACT ISING SOLUTION OF A ONE-DIMENSIONAL LATTICE

Consider a one-dimensional crystal containing two
kinds of atoms, type 1 and type 2. Let the energy of
interaction of a pair of atoms be identically zero unless
they are nearest neighbors. Let a nearest-neighbor pair
of atoms, both of type i, have interaction energy Eii’
and let a mixed pair have the interaction energy Eleo

If the lattice has N11 pairs of type 1 atoms nearest
neighbor to one another, N22 pairs of type 2 atoms, and
N5

o mixed pairs, the total interaction energy of the system

can be written:
E = NyjEqpq + NppEop + NioEqpe

Since 2Nll + N12 = 2N1 and 2N22 + N12 = 2N2, where Ni

is the number of atoms of type i, the energy can be written:

E = NlEll + N2E22 + JN12, where J = E12

1
- 5(Eqqp + Epp)e

The Canonical ensemble partition function Q is given by:

Q=7 €7

This can be rewritten as a sum over N;,, letting g(N;,)

be the number of configurations of the system corresponding
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to a given N12’ since all these will make equal contributions
to the sum:

N E, N; & N T
T TRT - hT — M2 %T

F.1) Q= Z g(N.) € T e e

Nu_

It is now desired to evaluate g(Nle). Suppose first of
all that N is so large that one need not worry about the
evenness or oddness of it. Consider the possible arrange-
ments of the atoms beginning with a type 1. If the arrange-
ment is thought of as a series of bunches of atoms of the
same type, separated by unlike-neighbor bonds, %(Nla + 1)
of these will contain atoms of type 1. If K = %—(N12 + 1),

the number of ways of arranging the type 1 atoms in these

groupings is (hh-o!

(N, -%)! (k-1)!

The number of ways of arranging the type 2 atoms in the

other groupings is
Nz=-1)!

(Ng -k)! (K=1)"

Accordingly, using the binomial notation, one can write:

M~ N, =1
(F.2) %(N”N“N”')”Z(K-!)(K-t)

Where the factor 2 enters because of the possibility of
starting the chain with either a type 1 or a type 2 atom.

Accordingly,
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F3)Q=2e 7 Z ( :’:,‘)(h:_',]] &

NGI.

As N becomes large, the partition function should become
asymptotically equal to its largest term.(uo) 1f Nip is
regarded as a continuous variable, the derivative of the
largest term with respect to it should equal zero;
alternatively, since the largest term will clearly be non-
vanishing, the derivative of the logarithm of the largest

term should vanish.

Thus, for the value of Nis giving the largest term,

F.4) T _ 3 (N‘”') _ 2 (“’"‘) = B

kT IV K=\ oMz K-t

Using Sterling's approximation, one can reduce this to

e‘g? YN =k N, -k
K-

Neglecting unity in comparison to the large numbers,
one gets for the number of different types of bonds corre-
sponding to the largest term,

# x s
P%; A&z T

F. g
(F.5) = 5 €

Here the asterisk denotes properties of the maximum-

term state.



It is now possible to write an asymptotic form for the

partition function for a large system:

-le.; +N1En _ Nj;.;'?%_.

(F°6) &—.—@ “T 9_(“1‘2)8

. Z JIHQ - E NE
This leads to: E= kT S5+ =NE+ M Faz

N’i can be written:

2
2T
kT
NI;. -¥+! Bz <
_.'-G—-'r-'l"_j'g' where .
MNy
Y: l'”—:};‘(l 5)

Likewise C, can be obtained by taking a derivative:

C 1-¥Y B I )Y}

(F.7) —-'E;- 2 T[”ﬁ'_’{f» aT T 1-¥ 3

Where 238 _ -29 g W 2 Mh B%—B—
T kT* 2T LN Vi
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TABLE D

RESULTS FOR ALUMINUM

The data are in six columns: the first column
contains the temperature in degrees Kelvin; the second,
the equilibrium kink-pair population (per centimeter)
calculated with complete neglect of interaction effects;
the third, the equilibrium kink-pair population calculated
using the Kroupa-Brown potential; and the last three,
respectively, the logarithmic decrements per centimeter
of dislocation in a cubic centimeter of material, for
resolved shear stress amplitudes of 10 Su, 10 %u., and
10"*%.. The decrements are negative because they

correspond to loss of energy.
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1.10000E+02
1.20000E+02
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1.50000E+02
1.60000E+02
1.70000E+02
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3 .20000E+02
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6.08636E-15
4469423E-13
1.75483E-11
3.75803E-10
5019492E-09
5.05960E-08
3.70754E-07
2014929E-06
1.02495E-05
4014666E-05
1.45880E-04
4 455265E-04
1.28114E-03
3.29504E-03
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1o 73749E-02
3.62490E-02
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1.34774E-01
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8.57075E+00
1.20411E+01
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1.33895E+02
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2.97295E+02
3.56012E+02
4¢2343T7E+02
5.00407E+02
5.87787E+02
6.86468E+02

6+.08638E~-15-3,32480E-24~3.29513E~26-3.37285E-28
4469424E-13-1,89230E-22~1,90925E-24~1.94561E~26
1.75484E-11-5,49425E-21~5.49660E-23-5,58319E-25
3.75803E-10-9.27381E-20-9.26004E-22~9 .37948E~24
5.19494E-09~1,01587E~18-1,02475E-20-1,03597E~22
5.,05961E-08~7.91172E-18-8.11391E-20-8,18992E~22
3.70755E=-07-5.06256E~-17-4.90008E-19~4,93838E-21
2.14929E-06-2.,38238E-16-2.36742E~-18-2.38414E-20
1.02495E~05-8.89545E-16-9.50767E~18~9.56920E~20
4.1466TE=05-3,27176E-15-3,27027E~-17-3,28925E-19
1.45880E~-04-9.88965E-15-9,86610E-17-9.91489E~19
4455266E-04-2.69106E~14-2,66056E-16-2.67147E-18
1.28115E-03-6,42185E-14-6.5074TE-16-6+53539E~18
3.29505E-03-1447423E-13-1.46645E-15-1.47042E~17
7.83314E-03-3,06108E-13-3,06814E-15-3,07550E-17
1.73749E-02-6,02798E-13-6,02421E-15-6,03370E~17
3.62491E-02-1,05054E-12-1.11611E-14-1,11876E-16
7416166E-02-2.02328E-12-1.97130E~14-1.97327E~16_
1.34774E-01-3.02744E-12-3,32346E-14-3.32891E-16
2.42808E-01-5.52131E-12-5.39465E~-14-5.39712E-16
4420606E-01-7.84893E-12-8,4234TE-14-8,44369E~16
7.03224E-01-1,27608E-11-1.27760E-13-1,27926E~15
1.13857E+00-2,06034E-11-1.88080E-13-1,88280E~-15
1.79037E+00-2.56874E-11-2.70003E~13-2,69926E~15
2.74135E+00-3,87829E-11-3,77302E-13-3,77854E~15
4.,09649E+00-5,65123E-11-5,17222E-13-5,17574E~15
5498644E+00-7.84893E-11-6.93845E-13-6.,94988E~15
8457076E+00~8,65503E-11-9.16161E-13-9.16431E~15
1.20411E+01-1.23930E-10-1,18973E-12-1.18841E-14
1.66242E+01-1,44903E-10-1.,51665E-12-1,51764E~14
2.2584TE+01-2,11921E-10-1.90729E-12-1,91084E-14
3.,02270E+01-2,06752E-10-2.37305E-12-2,37473E~14
3.98978E+01-2.69106E-10-2.90859E~12-2,91574E~14
5019871E+01-4,59983E~10-3,54187E~12-3,54016E~14
6+69294E+01-4,28123E-10-4,25554E-12-4,25383E~14
8452043E+01-5.44192E~-10-5,06517E-12~5,06191E~14
1.07336E+02-6,14264E-10-5,97883E-12-5,96982E~14
1.33895E+02-6.01194E-10-6.97385E-12-6.,98127E~14
1.65495E+02-5,88669E-10~-8,08440E-12-8,10029E~14
2.02790E+02-7.68875E-10-9.30338E-12-9.33029E~14
2.46478E+02-1,50699E-09-1,06808E~11-1.06734E~13
2.97295E+02-1.10808E-09-1,21335E~11-1,21313E~13
3.56012E+02-1,26790E-09~1.37295E~11-1.,37047E~13
442343TE+02-1442169E-09-1.54253E-11-1.53946E~13
5.00407E+02-1.74420E-09-1.,71804E~11-1,71996E~13
5.87787E+02-2,05499E-09-1,91285E-11-1.91210E~13
6+86468E+02-1.17733E-09-2,11248E-11-2,11552E~13
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6+80000E+02
6.90000E+02
7.00000E+02
7.10000E+02
7+20000E+02
7.30000E+02
7+40000E+02
7.50000E+02
7.60000E+02
7.70000E+02
7.80000E+02
7.90000E+02
8.00000E+02
810000E+02
8.20000E+02
8 +30000E+02
8.40000E+02
8.50000E+02
8 .,60000E+02
8.70000E+02
8.80000E+02
8 .90000E+02
9.00000E+02
9,10000E+02
9.,20000E+02
9.30000E+02
9.40000E+02
9.50000E+02
9,.,60000E+02
9.,70000E+02
9.80000E+02
9.90000E+02
1.00000E+03

T.97362E+02
9.21400E+02
1.05952E+03
1.21270E+03
1.38189E+03
1.56806E+03
1e77219E+03
1.99524E+03
2.23820E+03
2.50201E+03
2.78T62E+03
3,09598E+03
3.42801E+03
3.78462E+03
44,1667T0E+03
4 ,57510E+03
5.01068E+03
5¢4T42TE+03
5.96664E+03
6.48858E+03
7.04083E+03
T.62409E+03
8.23905E+03
8.88637E+03
9.56666E+03
1.02805E+04
l.10284E+04%
1.18111E+04
1.26289E+04
1.34823E+04
le43717E+04
1.52976E+04
1.62603E+04
1.72602E+04
1.82976E+04
1.93727E+04
2.04858E+04
2.16371E+04
2.28269E+04
2.40552E+04
2.53222E+04
2.66281E+04
2.79728E+04
2.93566E+04

T

7.97362E+02-1.32192E-09-2.31997E~-11-2.33012E~13
9.21400E+02-2.92305E-09-2.55766E-11-2,55578E-13
1.05952E+03-3,19278E-09-2,79368E-11-2,79193E~13
1.21270E+03-3,13957E-09-3.,04538E-11-3,03847E~13
1.38189E+03-4.63215E-09-3.31971E~11-3,29500E~13
1.56806E+03-4,55744E-09-3,58518E-11-3,56057E~13
1.7 7219E+03-2,99006E~09-3.84223E~11-3.83551E~13
1.99524E+03-2,94334E-09-4,12068E~11-4,11892E~13
2.23820E+03-2,89806E=09-4.40506E-11-4,41042E~13
2.50201E+03-4,28123E-09-4,70935E~11-4.70964E~13
2.78762E+03-4,21733E-09-5.01863E-11-5,01567E~13
3,09598E+03-4,15531E-09-5,31880E~-11-5,32822E~13
3.42802E+03-9.55522E-09-5,66488E~11-5,64713E~13
3.78462E403-9,41871E-09-6.00106E~11-5,97119E~13
44166T70E+03-5,30632E-09-6430125E~11-6.30019E~13
4.57510E+03-5,23262E-09-6.64542E~11-6.63313E-13
5.01069E+03-6,45117E-09-6.98017E-11-6.96985E~13
5.4742TE+03-7,63679E-09-7.31859E-11-7,31045E-13
5.96665E+03-7.53497E=09-7+64799E-11-7,65352E-13
6.48859E+03-8,67513E-09-7.96873E-11-7.99872E~-13
7.04083E+03-8,56247E-09-8435452E-11-8.34535E-13
7.62409E+03-9,66022E-09-8.65797E~11-8.69347E~13
8.23905E+03-1,07301E-08-9,03720E~11-9.04208E~13
8.88637E+03-1,05960E-08-9.41871E-11-9.39093E~13
9456666E+03-1,04652E-08-9.,67453E-11-9,74023E~13
1.02805E+04~1,14862E-08-9.99303E~11~1,00883E~12
1.10285E+04 0.,00000E~99-1.03265E~10~1,04366E=12
1.18111E+04 0.00000E=99-1.07642E~10-1.07833E~12
1.26289E+04 0.00000E-99-1.09700E=10-1,11262E~12
1.34823E+04~1,09519E-08-1.14995E~10~1,14700E-12
144371 7E+04-1,08261E-08-1.18004E~10~-1,18091E-12
1.52976E+04-2.14061E~08-1.23085E~10-1.21469E=12
1.62603E+04-2,11656E=08-1.25935E-10~1.24813E~12
1.72602E+04-1.04652E~-08-1,27675E~10-1.28115E=12
1.82976E+04-2,07004E~08-1.32483E-10-1.31396E~12
1.93727E+04-2.04754E-08-1,35138E~10-1.34616E-12
2.04858E+04~2,02553E-08-1.38748E~10-1.37796E~12
2.16371E+04-2.00398E-08-1,41280E-10-1.40960E-12
2.28269E+04-2,97433E-08-1.44750E-10-1.44056E~12
2.40552E+04-1,96223E-08-1,46186E-10-1.47098E~12
2.53222E+04-2.91300E-08-1.50505E~10-1,50107E~12
2.66281E+04-2,88328E-08-1.53775E~10-1.53073E-12
2.79T29E+04~2,85415E~08-1.56978E~10-1.55979E~12
2.93566E+04~2,82561E-08~1.58234E~10-1.58827E~12
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TABLE E

RESULTS FOR SILICON

The data are in six colummns: the first column
contains the temperature in degrees Kelvin; the second,
the equilibrium kink-pair population (per centimeter)
calculated with complete neglect of kink interactions;
the third, the equilibrium kink-pair population calculated
using the Kroupa-Brown potential; and the last three,
respectively, logarithmic decrements per centimeter of
dislocation in a cubic centimeter of material, for resolved
shear stress amplitudes of 10 ®u, 10 8., and 10 *u.
The decrements are negative because they correspond to

loss of energy.



6.,60000E+02
6.70000E+02
6.80000E+02
6.90000E+02
7.00000E+02
7.10000E+02
7.20000E+02
7.30000E+02
7+40000E+02
7.50000E+02
7.60000E+02
7T.70000E+02
7.80000E+02
7.90000E+02
8.00000E+02
8.10000E+02
8.20000E+02
8.30000E+02
8..40000E+02
8.50000E+02
8 .,60000E+02
8. 70000E+02
8.80000E+02
8.90000E+02
9.00000E+02
9,10000E+02
9.20000E+02
9.30000E+02
9.40000E+02
9.50000E+02
9.60000E+02
9.70000E+02
9.80000E+02
9.90000E+02
1.00000E+03

8 .83944E-16
1.84755E~-15
3.T7T7878E~15
7+57006E-15
1.48670E-14
2.86480E-14
5.42064E-14
1.00790E-13
1.84292E~13
3431594E-13
5.87479E-13
1.02547E-12
le76464E-12
2.99516E-12
5.01695E~12
B29712E=12
1.35545E~-11
2.18830E-11
3.49283E~11
551403E-11
8.61290E~-11
1.33160E-10
2.03846E-10
3.09082E-10
4.64332E-10
691350E-10
1.02049E-09
1.49377E-09
2.16889E-09
3.12451E-09
4.46T07E-09
6033962E-09
8.93307E-09
1.25005E-08
1.73756E-08

e

8.83943E-16-1,99918E-25-2,03534E-27-2.08490E~-29
1.84756E=15-4,07716E-25~4,06639E=27-4.16217E=29
3,77879E-15-8,03441E~25-7.95671E~27-8413658E~29
7¢57009E-15~1,52757E-24~1.52562E~-26-1.55902E~28
1.48671E=14=2,87159E=24~2.86938E=26=2,93042E~28
2.86481E-14-5,29933E-24-5,29897E~26-5.40793E-28
5.4206T7E~14-9,52086E-24-9.61356E-26-9.80590E~28
1,00790E-13-1,69451E-23-1.71499€E~-25-1.74831E-27
1.84293E-13-3,72980E-23-3,01065E~25-3,06711E~27
3.31595E-13-5,11978E-23-5,20225E-25-5.,29781E=-27
5.87482E-13-8,98585E-23-8,85903E~25-9.01556E-27
1.02548E-12-1,4T261E=-22-1.4866TE=24-1.51241E-26
1.76465E-12=2,44491E-22-2.46143E~24-2.50251E~26

2+99517E=12-4,01240E-22-4,02056E-24-4.08634E-26

5¢01697E~12-6.47490E-22-6+,48714E~-24-6.58821E-26
8e29716E-12~1,03083E-21~-1,03347E~23-1,04925E~-25
1.35546E-11-1.,63424E-21~1.62732E-23-1.65146E-25
2:18831E~11-2,5149TE-21~2,53298E~23-2,56992E~25
3649284E-11-3,95765E-21-3.90150E~-23-3,95564E~-25
5.51405E-11-5,85147E-21-5,94303E=23-6.,02455E=25
B8461293E-11-9.,01976E-21-8.96342E-23-9.08258E~25
1.33161E-10-1,36259E-20-1.33889E~-22-1.35588E~-24
2.03847E-10~1,96209E-20-1.,97936E-22-2.00498E~-24
3,09083E-10-2.95350E-20-2.,90224E~22-2.9377T7E~-24
4e64333E-10~4.12331E-20-4.,21609E~22-4.26657E-24%
6291353E~1076206031F~20~64073)11E=22-6514306F=24
1.02049E-09-8,68362E-20-8.67521E~-22-8.77334E~-24
1493 77E-09-1.21926E-19-1,22895E-21-1.24287E-23
2.16889E-09-1,72718E-19-1,72855E-21-1.74714E-23
3.12452E-09-2.36005E-19-2.41214E-21-2.43764E-23
4.46709E-09-3,24818E-19-3,34214E~-21-3.37643E-23
6933964E-09-4456965E-19-4.59835E=21-4,64396E=23
8493310E-09-6436379E~19-6.,28148E-21-6.34394E-23
1.25006E-08-8.85056E-19-8,53037E-21-8.60917E~-23
1.73756E-08-1,18545E-18-1.15040E~20~1.16085E~22
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TABLE F-1
TRANSFORM FUNCTIONS FOR ALUMINUM AT 50°K.

The tabulated values are as follows:

6 H_1(8,7) Hq (8,7) Hq (6,7)

The parameter € is taken equal to one nearest neighbor
spacing. The parameter <y is that appropriate to this
material and temperature, according to the work of Kroupa

and Brown.
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0. 0000000E-00

0.,0000000E-00
0.0000000E-00
0.0000000E-00

" 0.0000000E-00

0.0000000E=00
0.0000000E=-00

0.0000000E-00
0.0000000E-00
0.0000000E-00

0.1144000E+06
0.1430000E+06
0.1716000E+06

0.0000000E=-00
0.0000000E~-0C0
0.0000000E=-00C

0.0000000E-00
0.0000000&-00
0.0000000E-00

0.0000000E-00
0.0000000E-00
0.0000000E-00

0.2002000E+06
0.2288000E+06
042574000E+06

0.0000000E-00
0.0000000E-00

0.0000000E-00
0.0000000E-00
0.0000000=-00

0.0000000E-00
0.0000000E-00
0.0000000E-00

0.2860000E+06
0.5720000E+06
0.8580000E+06

0.1144000E+07

0.1430000E+07
0.1716000E+07

0.0000000E=00
0.,0000000E-00
0.0000000E~00

0.0000000E-00

0.0000000E-0OO0
0.0000000E-00

0.0000000E-00C
0.0000000E-00
0.0000000E-00

0.0000000E-00
0.0000000E-00
0.0000000E-00

- 0.0000000E-0O

0.0000000E-00
0.0000000E£-00

0.0000000E-00
0.0000000E-00
0.0000000E-00

0.2002000E+07
0.2288000E+07
0.2574000E+07

0.0000000E-0Q
0.0000000E-00
0.0000000E-00

0.0000000E-00
0.0000000E-00
0.0000000E-00

0.0000000E-00
0.0000000E-00
0.0000000E-00

0.2860000E+07
0.5720000E+07
0.8580000E+07

0.0000000E-00
0.0000000E=00
0.0000000E-00

0.0000000E-GO
0.0000000&-00
0.0000000E-00

0.0000000E-00
0.0000000E-00
0.0000000E-00

0.1144000E+08
0.1430000E+08

0.0000000E-0O
0.,0000000E-0QO

0.0000000E-00
0.0000000E-00

0.0000000E-00
0.0000000E-00
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0.1716006+08
0.2002000E+08

0.2288000c+03

0.2574000E+08
0.2860000E+08
0.5720000E+08
0.8580000E2+08
0e1144000E+09

" T0.1430000E+09

0.1716000E+09
0.2002000E+09
0.2288000E+06
0.2574000E+09

 042860000E+09

fi4
!

B MCNEIL

0+.0000000E-0U
0+0000000E-0U
0.0000000E-00
0.0000000E-0U
0.0000000E-00V
0.0000000E-00
0.0000000E-0U
0+.0000000F=-00
0.0000000E-00U
0.0000000E-0U
0.0000000E-0V
0.0000000E=-00
0.0000000E-00
0.0000000E=00

0.5720000E+09
0.8580000E+09
0.1144000E+10

0+1430000E+10

041716000E+10
0.2002000E+10

0.0000000E-0U

0.0000000E-00
0.0000000E-0OU

 0.0000000E=-00

0.0000000E-0U
0.0000000E-0U

0.2286C00E+10
0.2574000F+10
0.2860000E+10
0.5720000E+10
0.8580000E+10
0e1144000E+11

0.0000000E=00
0.0000000E-00
0.0000000E-00
0.0000000E=-00
0+0000000E-0U
0.0000000E=00

93
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0.,0000000£-00

.0+ 0000000£=00 _
0.0000000E-00

0. 0000000£-00
0.0000000=-00
0« 0000000£-00
0.0000000E-00
0. 0000000E=-00

1)

0180 010 000 OC

0.0000000E-00
0.,0000000E=-00

0.0000000E-00
0.0000000E=00
0.0000000E=00

0.0000000E=-00
0.0000000E-00
0.0000000E=-00

"0.,0000000E-00
0+ 0000000E=-00
0.0000000E-00

0.0000000E-00

0.0000000z-00
0. 0000000E-00

0.0000000E-00
0.0000000E-00
0.0000000E-00

'0.0000000E-00
0.0000000E-00
0.0000000E-00

0.0000000E-00
0« 0000000E-00
0.0000000=-00

0. 0000000E=00

0.0000000c-00
0. 0000000E=-00

0.0000000E=00
0.0000000E-00
0.0000000E-00

~ 0.0000000E=-00

0.0000000E-00
0.0000000E=-00

0.0000000E-00
0. 0000000E=-00
0.00000002=00
0.0000000E-00
0.0000000E=-00
0. 0000000E-00

0.0000000E-00
0.0000000E-00
0.0000000E-00

"0.0000000E-00

0.0000000E=-00
0.0000000E=-00

0.1430000E+11
0.1716000E+11
0.2002000E+11
0.2288000E+11
042574000E+11

0.0000000E-00
0+.0000000E-00U
0.0000000E-00
0.0000000E-0V
0.0000000E-00

0.0000000E=-00
0+ 0000000E=-00
0+0000000E-00
0« 0000000E-00
0.0000000E-00

0.0000000E-00
0.0000000E=-00
0.0000000E-00

- 0.0000000E-00

0.0000000E-00

T 78STOP END OF PROGRAM AT STATEMENT 0I02 + 01 LINES.



TABLE F-2
TRANSFORM FUNCTIONS FOR ALUMINUM AT 100°K.

The tabulated values are as follows:
5 H_; (8,7) Hy (5,7) Hy (8,v)

The parameter € is taken equal to one nearest neighbor
spacing. The parameter 7y is that appropriate to this
material and temperature, according to the work of Kroupa

and Brown.

94
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Dellé4000E-17
0«1430000E-17
D41716000FE=17
0.2002000E-17
0.2288000E-17
0e2bT4UQOE-1T7
0.2860000E-17
De5720000E-17
0.5580000E-17
Cell44000E~-16
0e1430000E-106
0.1716000E-16
0.2002000E-16
0.2288000c-16
0e2574000E-16
0.2860000E-16
0.5720000c-156
0.8580000e-16
0.1144000E-15
0e1430G00E-15
De17T160GO0OE=15
N.2002000E=15
0.2233000E-15
0e2574CG002-15
0.,2860000E-15
0e5720000E-15
0.8580000E-15
061144000E-14
0e1430000FE-14
0.1716000E-14%
0.2002000E-14
0.2288000F-14
0e2bT4000F=14
0.2860000E-14
N«H7T20000E=14
0.8580000F~14
06 1144000EFE~-13
0.1430000E-13
0s1716000E=-13
0.2002000E-13
0.2285000E-13
Da2bT4000E=-13
062860000E-13
0.5720000E-13
0.8580000E-13
0.1144000E-12

DeB318229F+01
Me3318229E+01
Ja33182295+01
0.3318229E+01
0+3318229E+91
0e3316229E+01
)e2318229F+01
(le3318228c+01
Ue3316223E+01
0.3318229E+01
Da3318229+01
0.3218229E+01
0.+3318229E+01
Ge331822%E+01
0e3318229E+01
0.3318229E+01
0e3318228E+01
0.3318223E+01
0e3318229E+01
De33183229E+01
0.3318229E+01
0.3318229E+01
063318229E+01
03318229£+01
)e3318229E+01
0e3318228E+01
03318228E+01
0a3318229E+01
De3318229E+01
043318229E+0G1
De3318229E+01
D3318229E+01
Ne3315229E+01
De3318229E+01
0e3318228E+01
0a33]8228 5+
De3318229E+01
De33183229c+01
De33183229E+01
0.3316229E+01
()e3318229E+01
0e3318229E+01
De3318229c+01

0e3318228E+01

0.3318228E+01
03318229E+01

DeBT4£1254%+18
De 6993007 2+1 18
NedR2TH0A=+18
D.49G5005-+18
De&3TNG2GH+18
D.388553045+18
Ne3L96505E+18
Qe l7TA4B2521E+12
G« Y1B5501L5+18
De8741253E+17
D.6G99200Tz+17
D582 71T205E+17
0e499500G5E+17
Cak370629:+11

0e7640960E+36
00489021 4E+36. ...
(+3395982E+36
0e2495007E+36
Ve 1910240E+36
0.1509325E+36
0.1222553E+36

0.3066383FE+35 .

0e 135839 3E+35
0.T640960E+34
0.4890214E+34
0+3395982E+34
0.2495007E+34
0.1910240E+34

0.3285006i+17
Ne34865035+17
0.17482525+171
04114652301 =+17
NeBT412585+]16
0,6992007=z+1a
NeHBEZ2THUARHLA
D.4995005+16
Q,423706292+15
De38Y300GLEF]LE
0e34956503E+15

OelT748232E5+106.

0.1165501E+146
N.0741258E+15
0e6993007:2+15
0e582T75006E+15
Ne4995005E+15
0e437T06292=+15
De3RB5004 2415
Ne346065035+15
Del748252:+15
B TT 655 WLEFTS
De 87412525 +14
06993007z +14
NeBB2TH06E+]14
04995005 kE+14
Ne4370629=+14
D.3HEH004E+14
0e3496503E+14
QelT48292E+14
0.1165501=+14
0e8741258E+13

0e1509325E+34
0.1222553E+34
Qe300 6383E+33 .
0.1358393E+33
Qe 7640960E+32

06489021 4E432.

0+3395982E+32
0+2495007E+32
0e1910240E+32
J#:1009225E+32
0.1222553E+32

= QaF000383F +31 .

0.1358393E+31
0.7640960E+30
0«4890214E+30
0«2395982E+30
0.2495007E+30
0e1910240E+30 _
e 1509325E+30
0e1222553E+30
0.3056383E+29
0.1358393E+29
0. 7640960E+28

0482021 4E428

{33958 82E+28
0.2495007£+28
0e1910240E+28
0.1509325E+28
Vel222553E+28

. -0e3056383F+27

0e1358393E+27
De 7T640960E+26



96

23

¢ CI®Z7612527T06 i B HCNETL 08/15/65 FORMD 0100 005 000 0O

0e1430000E-12
Uel7T16000E-12
0e2002000UE=-172
0e2283000k=-12
0e25T4000E-12
0.2860000E~-12
Ne5720000FE-12
0.8580000&-12
0e1144000E-11
0el1430000E-11
041716000E-11
0.2002000E-11
062283000-11
0e2574000E-11
0.2860000E-11
0.5720000E-11
0.8580000E-11
0e¢1144000E-10
0e1430000E-10
0.1716000E~-10
0e2002000E-10
0e2288000E~-10
0e?H5T4000E~-10
042860000E=-10
0.5720000E=-10
0.8580000E-10
061144000E-09
Ne1430000E-09
0e1716000E-09
0e2002000E-09
0.2288000E-09
0e?574000E=-09
Ne”?860000FE-09
0e5720000E-09
0e8580000F=-09
0e11440G00E-08
0e1430000E-08
0e1716000E-048
0.2002000E-0R
0e?2283000F=-08
062574000-08
062860000E-08
0e5720000E-08

0.8580000E-08

0e3313229£+01
0e3318229E+01
Ue3318229E+01
0e3318229£+01
043318229E+01
0e3318229E+01
0e3318228E+01
0.3318228E+01
0e3318229E+01
0e63318229E+01
0e43318229E+01
0.3318229E+01
0e3318229E+01
0e3318229E+01
043315229E+01
0.3318228:+01
043318228E+01
0e3318229E+01
0.3318229E+01

C0.3318229E+01

De3318229E+01
0e3318229E+01
0e3318229E£+01
0.3313228E+01

0.3318228E+01

0.3318229E+01
0e3318229E+01
0.3318229E+01
0643318229EF+01
0.3318229E+01
De3318229E+01
0.32318229E+01
0.3318229E+01
(0 e2318229E+01
De3318229E+01
De331837229E+01
0e3318229k+01
0.3318229E+01
0e3318220F+01
0e3318229E+01
0e3318230E+01
043318230E+01
0e3318231E+01

- 0a5821506E+13

.0a1105501E+13  Qa.1358393F+25

.0.3885004E+12 ~ Q.1509325FE+24

De69930C0TE+13

0e49950052+13
0e4370629E+13
0.3885004E+13
0e3496503E+13
0e)T48252E+13

0e8741258E+12
0.6993007E+12
0.5827506E+12
0.4995005E+12
0e¢4370629E+12

0e3496503E+12
0.1748252E+12
0e61165501E+12
0.8741258E+11
0.6993007E+11

0e5827506E+11

0.4890214E+26
0.3395982F+264

042495007E+26
0.1910240E+26

. 0.1509325FE+26

0.1222553E+26
0.3056383E+25

0.7640960E+24
0.4890214E+24

. 0.3395982E+24

0.2495007E+24
0.1910240E+24

0.1222553E+24
0.3056383E+23

0,1358393E+23

0.7640960E+22
0.4890214E+22
0.3395982E+22

0e4995005E+11
De4370629E+11
0.3885004kE+11
0e3495503E+11
De1748252E+11

041165501 E+11

0.2495007E+22
0.1910240E+22
0.1509325E+22 |
0.1222553E+22
0+3056383E+21
0.1358393E+21

0.8741258E+10
0e6993007TE+10
045827506E+10
0.4995005E+10
0e4370629E+10
03885004410

0.7640960E+20
0.4890214E+20

0.3395982E+20

0.2495007E+20
0.1910240E+20
0.1509325E+20

0e3496503E+10
0.1748252E+10
0e1165501E+10
0e8741259E+09
DeH99300T7E+O9

0.1222553E+20
0.3056383E+19
0.1358393E+19

0.7640960E+18
0.4890214E+18
0.3395982E+]18

0.4995005E+09
0.4370629E+09

0.3885004E+09

0e3496503E4+09
0.1748252E+09
0.1165501E+09

0.2495007E+18
0.1910240E+18

0.1509325E+18

0.1222553E+18
0.3056384E+17
0,1358393E+17

061144000E-0T7
0.1430000E-07

0.3318232E+01
0e3318232E+01

0.8741261E+08
0.6993010E+08

0.7640960E+16
0.4890215E+16

B ——
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Gel1716000E-0G7
0.2002000E-07
0.2283000E-07

0.2574000E-07 063318236E+01 De3335007£+08 0.1509326E+16
0.2860000E-07 Ua3318237E+01 0e3496507E+08 0a1222554E+16 .
0.5720000E-07 0.331862445+01 0 1748255:+02 0.3056385E+15

0.8580000E-CT7
0.1144000E-06

03318234 +01
0e3318234E+01
Fa35LEZ235FE+0 1

De3318252E+01
0e3318260E+01

Dy and TN E-H R

0e49950085+083
044370532 E40R

e 1165505=+08
De 8T412942+07

Da3395983E+16

0.24S5008E%+16. .

0.1910240E+16

0«1358394E+15

076409695 +14

0.1430000E-06 De3318267E+01 0eH5993042E+0G7 0.4890222E+14
0.1715000E-06 Da33 L8 275E+0.1 D5B2TH4L1LE+0T 0.3395988E+14
0.2002000£-06 0022182836401 Ce4995040E+0T 0.2495013E+14

0.2288000E-06
0.2574000E-06
0.28600002-06

0.5720000E-06 0.3318383E+01 0.1748288+07 0«3056403E+13
0.8580000E-06 0.3318461E+01 Cellb65537E+0OT 0.1358406E+13
0.1144000E-05 D43318539E+01 0.8741622:2+06 0e7641058E+12.
0.1430000E-05 0.3318617E+01 0.69933T0E+06 0.4890293E+12

0.1716000E-05
0.2002000E-05
0.2288000E-05
0.25T4000E-05
0.2860000[E-05
0.5720000E-05
0.8580000E-05
0.1144000E-04
0.1430000E-04
0.1716000E-04
0.2002000E-04
0.2288000E-04
0.257T4000E-04

0.33182S1E+01
0.3313298E+01
043318305E+01

0e3318694E+01
Qw3 L8 T2E30 1
0.32318849E+01
0.3318927:+01
043319005E+01
0.3319780E+01
0+3320556E+01
Qa33 21 2385E2011
0.3322110E+01
0.3322685E+01
0e3323663E+01
0.3324440E+01
}63325213c+01

0e&43T70665E+07
0.3885039E+07
063496539:+07

Qe 5827P69E+06
0eaft99E369-+06
N« 43TDRAIE+0H
De3885368E+05
De3490686T=+06
NelT748616E+06
Oe 1165866E+06
0eB817449042+05
Ne59966531+05
0.583L1L32E+05
0e4998652E+0G5
Qe 43 T42TTEFODH
Ne 3B8BB6L53E+05

0.1910245E+14
0«1509330E+14
0.122255T7F+14

0e3396048E+12

0249506 4E+12

0.1910289E+12
0+1509369E+12
Oel222593E+12
0.3056580E+11
0+1358524E+11

0.4891004E+10
0«3396640E+10
0e2495571E+10
0.1910733E+10
0«1509764E+10

0164194 T7F+10

0.2860000E-04 Uiad 225996401 0.35500153E+05 0.1222948E+10Q
0.5720000E-04 N.3333780E+01 QL TB1S02EHOS 1.3058359E+09
0.8580000E-04 0e633415845+01] De1169159+05 0.1359710E+09
0.1144000E~-03 D43349405E+01 Ne 87TTTHTOEHUS 0.7650848E+08
0.1430000E-D3 0«3357245E+01 Ne TN296064+04 0.4898130E+08

0.1716000E-03

N.2002000E-03 0.33T72981E5+01 De50321741E+04 0250066 TE+QB - .
0.2288000F-03 e 338087T7TE+01 0 &460T405E+04 0«1915194E+08
0.2574000F-03 0.3388791F+01 Ne392182195+04 0.1513732E+08

0.2860000E-03
0.5720000E~-03
0.8580000E-03
0.1144000£E-02
0.1430000E-02
0.1716000E-02

Ja3365104E+D1

) 6 33G6T24E+01
De3477079E+01
063559326E+01

0e3643498E+0]1

0e37296261+01
0.3817742E+01

DebB642022+04

0e35333583E+04
N0.1785505E+04
0.1203157£+04

0.3402581E+08

0e1226521E+08 _

0.3076323E+07
0s1371755E+07

049121904E+03 0. 7741700E+06

Qe 7377790£+03
0e6216483E+03

0.4971229E+06
0.3463852E+06
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0.2002000E-02

0.2288000FE=-02 = 0.4000073F+01 .

0.,2574000E-02
0.2860000E-02

0.5720000E~-02
0,8580000E-02

0.1144000E-01

SatAs0000=01_ UalIS015e02 O 13381368403

M B

MCNETL

0.3907881E+01

0.4094352E+01
0.4190753E+01

0.5278887E+01

0.6617189E+01
0.8241829E+01
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0.53882332E£+03
D.4T768163E+03
0.4286901E+02
0.3902820£+03
D2 20203 FEEAS
0.1673030E+03
0e1442181E+03

2§
0100 005_000 ©

0.2553491E+06

. 0.1961688FE+06

0«1555305E+06
0.1264161E+06
_0.3276528E+05
0.1514316E+05
0.8888157E+04
0.5958227F+04

0.1716000E-01 0.1250022E+02 01294075E+03 0.4351885E+04
0.,2002000E-01 0.1521034E+0¢ 0s1294448E+03 043377704E+04
.0,2288000E-01 0.1835863E+02 - 0.1324162E+0Q3 0.2744551E+0 =
0.2574000E-01 0.2198257E+02 0.1376640E+03 0.2312249E+04
0.2860000E-01 0.2611860E+02 0.1448041E+03 0+2006395E+04
0.5720000E-01 0.1023072E+03 0.2923494E+03 0,1210656E+04

0.8580000E-01

0.1144000E-00

0.1430000E-00
0.1716000E-00
0.2002000E-00
. 0.2288000E=-00_
0.2574000E-00
0.2860000E+00
0.5720000E+00
0.8580000E+00
0.1144000E+01
.0,1430000E+01

0.2530760E+03

0.4750916E+03

. 0.7487762E+03

0.1049922E+04
0.1356838E+04

0 530 +

0.1927629E+04

0.2174039E+04

0.3122999E+04

0.2718369E+04

0.2106370E+04

01574322E+04

0e5494271E+03
0.8839486E+03
- 01259971E+04
06 1645292E+04
0.2015951E+04
485E+
0.2658383E+04
0.2918163E+04
0.3694148E404
0.3087746E+04
0.2349786E+Q4
001739243E+04

0.1398510E+04

0.1787004E+04
.. 0,2231799E+04

0.2672719E+04

0.3079125E+04
+

0.3738320E+04
0.3985672E+04
04423207E+04
0«3548578E+04
0.2651085E+04
0.1942084E+04

0.1716000E+01
0.2002000E+01
0.,2288000E+01
0.2574000E+01
0.2860000E+01
0,5720000E+01

0.1161946E+04

0.8537376E+03

- 0.6263786E+03

0.4594661E+03
0.3371247E+03
0.156850Q08E+02

0.8580000E+01
0.1144000E+02
0.1430000E+02
0.1716000E+02
0.2002000E+02
0.2288000E+02

0.7598400E+00
0.3779133E-01
0.1915071E-02
0.9842375E-04
0.5114681E-05
0.2681752E-06

0.1275807E+04
0e9332662E+03
0,6823375E+03

 0.4990366E+03
0e3652076E+03

0«1414895E+04
0.1029730E+04
_ 0,7497410E+03
0.5463848E+03
0.3986021E+03

o 0a1669658E+02 0a.1784912F+02

0.8003687E+00
0.3951872E-01
0.1991854E-02
061019437£-03
0.5279925E-05
0.2760811E-06

0.8454586E+00
0.4141042E-01
 0.2074987E-02
0.1057217E-03
0.5456066E-05
0,2844613E-06

0.2574000E+02
0.2860000E+02
0.5720000E+02
0.8580000E+02
0.1144000E+03

0.1430000E+03

0+.1416533E-07
0.7528951E-09

. 0.1666349E-21

0.4469128E-34

0.1311806E-46

0.4059182E-59

0.1454950E-07
0.7718067E-09
01690553E-21
0.4514905E-34
0.1322190E-46
0,4085371E=59

0.1495482E-07
0.7916805E-09
 0.1715464E-21
0.4561623E-34
0.1332739E~46
0.4111898E-59

0.1716000E+03
0.2002000E+03

0.1300417E-71
04269 779E-84

0.1307498E-T1
0.4289893E~-84

061314657E-T71
0.4310197E-84
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0.,0000000E-00C

0.0000000E=Q0.

0.2860000E+03
0.5720000E+03

.0.8580000E+03

0.1144000E+04
0.1430000E+04

—-0e1716000E+04

0.2002000E+04
0.2288000E+04

0.2574000E+04

0.0000000E-0C
0.0000000E-00
0.0000000E-00
0.0000000E-00
0.0000000E-00

0.0000000E-00
0.0000000E-00
0.0000000E-00

0.2860000E+04 0.0000000E-00C
0.5720000E+04 0.0000000E-00
——-0.8580000E+04 _ 0.,0000000E=-00

0.1144000E+05
0.1430000E+05
0.1716000E+05

0.0000000E-00
0.0000000E-00

0,0000000E-00

0.2002000E+05
0.,2288000E+05

0.,0000000E-00
0.0000000E-00

wen-022574000F+05  0.0000000E-0Q0

0.2860000E+05
0.5720000E+05
0.,8580000E+05
0.1144000E+06
0.1430000E+06
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0.0000000E-00
0.0000000E=00
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~ 0100 _005 000 O

0.0000000E-00
0.0000000F=00

0.0000000E-00
0.0000000E-00
- 0.0000000E-00
0.0000000E-00
0.0000000E-0Q0

J.—.. 0.0000000F=00

0.0000000E-00
0.0000000E-00

~_0.0000000E=00

0.0000000E-00
0.0000000E-00
0.0000000F=-00

0.0000000E-00O
0.0000000E-00
.0,0000000E=00 _
0.0000000E-00
0.0000000E-00
0.0000000E-00

0.0000000E=00
0.0000000E-00
0.0000000E=00

0.0000000E-00
0.0000000E-00
0.0000000FE=00

0.0000000E-0Q0
0.0000000E-00

0.0000000E-00

0. 0000000E-00
0.0000000E=-00

-~ 0,0000000E=00

0.0000000E=-00
0.0000000E-00
0.0000000E=00

0.0000000E-00
0.0000000E-00
0.0000000E-00

0.0000000E-00
0.0000000E-00

0.0000000E-00

0.0000000E-00
0.0000000E-00

0.0000000E-00
0.0000000E-00
0.0000000E=-00
0.0000000E~-00
0.0000000E-00
0.0000000E=00

0.0000000E-00
0.0000000E=-00

. 0.0000000E=00

0.0000000E=-00

0.0000000E-00
0.0000000E=00

e 0a1716000FE+06 0.0000000E=00
0.2002000E+06 0.0000000E-00
0.2288000E+06 0.0000000E-00
0.2574000E+06 ~ 0.0000000E-00
0.2860000E+06 0.0000000E-00
0.5720000E+06 0.0000000E-00

-...0.8580000F+06 ___0.0000000E-0Q

0.1144000E+07
0.1430000E+07
0.1716000E+07
0.2002000E+07
0.2283000E+07
042574000E+07

0. 0000000E-00
0.0000000E-00

0.0000000E-00
0.0000000E-00
0.0000000FE-00

0.0000000E-00
0.0000000E-00

- 0.0000000E-00_ _ 0,0000000FE-=00_

0.0000000E-00

0.0000000E~-00
0.0000000FE-00

0.0000000E-00
0.0000000E-00

0,0000000E-00

0.0000000E-00
0.0000000E-00

0,0000000E=-00

0.2860000E+07
0.5720000E+07

0.8580000E+07

0.1144000E+08
0.1430000E+08
. Q.1716000E+08

0.0000000E-00
0.0000000E-00
- 0.0000000E-00
0.0000000E-00
0.0000000E-00
0.0000000E-00Q

0. 0000000E-00
0.0000000E-00

0.0000000E-00
0. 0000000E-00
(¢] -—
0.0000000E-00
0.0000000E-00
.0.0000000E=00 .
0.0000000E-00
0.0000000E-00
0.0000000E-0Q0

0.0000000E=00 .

0.0000000E-00
0.0000000E-00
_0.0000000E=-00
0.0000000E-00
0.0000000E-00
0.0000000E=-00
0.0000000E-00

... 0.0000000E=00

0.0000000E-0O

0.0000000E~00
0.0000000E=-00

0.2002000E+08
0.2288000E+08

0.0000000E=-00
0.0000000E~00

0.0000000E~-00
0.0000000E~00

0.0000000E~00
0.0000000E-00
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TABLE F=-3
TRANSFORM FUNCTIONS FOR ALUMINUM AT 300°K.

The tabulated values are as follows:

6 H_,(5,7v) Hy (6,7) Hy (8,7)

The parameter e¢ is taken equal to one nearest neighbor
spacing. The parameter <y is that appropriate to this
material and temperature, according to the work of Kroupa

and Brown.
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0.2860000E-18
0.5720000E-18

0.3318229E+01
0.,3318228E+01
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0.3496503E+19
0.1748252E+19

0.1222553E+38
0.3056383E+37

0.8580000E-18

0.1144000E-17
0.1430000E-17

0.3318228E+01
0.3318229E+01
0.3318229E+01

0.1165501E+19

0.8741258E+18
0.6993007E+18

0.1358393E+37
0.7640960E+36
0.4890214E+36

0.1716000E-17
0.,2002000E-17
0.2288000E-17

0.3318229E+01
0.3318229E+01
0.3318229E+01

0.5827506E+18
0.4995005E+18
0.4370629E+18

0.3395982E+36
0.2495007E+36
0.,1910240E+36

0.2574000E-17
0.2860000E-17
0.5720000E-17

0.3318229E+01
0.3318229E+01
0.3318228E+01

0.3885004E+18
0«3496503E+18
0.1748252E+18

0.1509325E+36
0.1222553E+36
0.3056383E+35

0.8580000E-17
0.1144000E-16
0.1430000E-16

0.3318228E+01
0.3318229E+01
0.3318229E+01

0.1165501E+18
0.8741258E+17
0.6993007E+17

0.1358393E+35
0.7640960E+34
0.4890214E+34

0.1716000E-16
0.2002000E-16
0.2288000E-16

0.3318229E+01
0.3318229E+01
0.3318229E+01

0.5827506E+17
0.4995005E+17
0e4370629E+17

0.3395982E+34
0.2495007E+34
0.1910240E+34

0.2574000E~-16
0.2860000E-16
0.5720000E-16

0.3318229E+01
0.3318229E+01
0.3318228E+01

0.3885004E+17
0«3496503E+17
0.1748252E+17

0.1509325E+34
0.1222553E+34
0.3056383E+33

0.8580000E-16
0.1144000E-15
0.1430000E-15

0.3318228E+01
0.3318229E+01
0.3318229E+01

0.1165501E+17
0.8741258E+16
0.6993007E+16

0.1358393E+33
0.7640960E+32
0.4890214E+32

0.1716000E-15

0.3318229E+01

0.5827506E+16

0.3395982E+32

0.2002000E-15 0.3318229E+01 0.4995005E+16 0.2495007E+32
0.2288000E-15 0.3318229E+01 0.4370629E+16 0.1910240E+32
0.2574000E-15 0.3318229E+01 0.3885004E+16 0.1509325E+32
0.2860000E~15 0.3318229E+01 0.3496503E+16 0.1222553E+32
0.5720000E-15 0.3318228E+01 0.1748252E+16 0.3056383E+31
0.8580000E-15 0.3318228E+01 0.1165501E+16 0.1358393E+31
0.1144000E-14 0.3318229E+01 0.8741258E+15 0.7640960E+30
0.1430000E~-14 0.3318229E+01 0.6993007E+15 0.4890214E+30
0.1716000E-14 0.3318229E+01 0.5827506E+15 0.3395982E+30
0,2002000E-14 0.3318229E+01 0+4995005E+15 0.2495007E+30
0.2288000E~-14 0.3318229E+01 0e4370629E+15 0.1910240E+30
0.2574000E~14 0.3318229E+01 0.3885004E+15 0.1509325E+30
0.2860000E~14 0.3318229E+01 0.3496503E+15 0.1222553E+30
0.5720000E~-14 0.3318228E+01 Oe1748252E+15 0.3056383E+29
0.8580000E-14 0.3318228E+01 0.1165501E+15 0.1358393E+29
0.1144000E-13 0.3318229E+01 0.8741258E+14 0.7640960E+28
0.1430000E~-13 0.3318229E+01 0.6993007E+14 0.4890214E+28
0.1716000E-13 0.3318229E+01 0.5827506E+14 0.3395982E+28
0.2002000E-13 0.3318229E+01 0.4995005E+14 0.2495007E+28
0.2288000E-13 0.3318229E+01 0e4370629E+14 0.,1910240E+28
0.2574000E~13 0.3318229E+01 0.3885004E+14 0.1509325E+28
0.2860000E-13 0.3318229E+01 0+3496503E+14 0.1222553E+28
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0.5720000E-13
0.8580000E~13

0.3318228E+01
0.3318228E+01
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0.1748252E+14
0.1165501E+14

0.3056383E+27
0.1358393E+27

0.1144000E-12
0.1430000E-12
0.,1716000E-12

0.3318229E+01
0.3318229E+01
0.3318229E+01

0.8741258E+13
0.6993007E+13
0.5827506E+13

0.7640960E+26
0.4890214E+26
0.3395982E+26

0.2002000E-12
0.2288000E-12
042574000E~-12

0.3318229E+01
0.3318229E+01
0.3318229E+01

0.4995005E+13
0.4370629E+13
0.3885004E+13

0.2495007E+26
0.1910240E+26
0.1509325E+26

0.2860000E-12
0.5720000E-12
0.,8580000E-12

0.3318229E+01
0.3318228E+01
0.3318228E+01

0«3496503E+13
0.1748252E+13
0.1165501E+13

0.1222553E+26
0.3056383E+25
0.1358393E+25

0.1144000E-11
0,1430000E-11
0.1716000E-11

0.3318229E+01
0.3318229E+01
0.3318229E+01

0.8741258E+12
0.6993007E+12
0+5827506E+12

0.7640960E+24
0.4890214E+24
0.3395982E+24

0,2002000E~-11
0.,2288000E-11
0,2574000E-11

0.3318229E+01
0.,3318229E+01
0.3318229E+01

0+4995005E+12
0.4370629E+12
0.3885004E+12

0.2495007E+24
0.1910240E+24
0.1509325E+24

0.2860000E-11
0.5720000E-11
0.8580000E-11

0.3318229E+01
0.3318228E+01
0.3318228E+01

0¢3496503E+12
0.1748252E+12
0.1165501E+12

0.1222553E+24
0.3056383E+23
0.1358393E+23

0.1144000E-10
0.1430000E-10
0.1716000E~-10

0.3318229E+01
03318229E+01
0.3318229E+01

0.8741258E+11
0.6993007E+11
0.5827506E+11

0.7640960E+22
0.4890214E+22
0+3395982E+22

0.,2002000E-10
0.2288000E-10
0.2574000E-10

0.3318229E+01
0.3318229E+01
0,3318229E+01

0+4995005E+11
0.4370629E+11
0.3885004E+11

0.2495007E+22
0.1910240E+22
0.1509325E+22

0.2860000E-10 0.3318229E+01 0.3496503E+11 0.1222553E+22 |
0.5720000E-10 0.3318228E+01 0.1748252E+11 0.3056383E+21"
0.,8580000E-10 0.3318228E+01 0.1165501E+11 0.1358393E+21
0,1144000E-09 0.3318229E+01 0.8741258E+10 0.7640960E+20
0.1430000E-09 0.3318229E+01 0.6993007E+10 0.4890214E+20
0.1716000E-09 0.,3318229E+01 0.5827506E+10 0.3395982E+20
0.2002000E-09 0.3318229E+01 0.4995005E+10 0.2495007E+20
0.2288000E-09 0.3318229E+01 0.4370629E+10 0.1910240E+20
0.2574000E-09 0.,3318229E+01 0.3885004E+10 0.1509325E+20
0.2860000E-09 0.3318229E+01 0.3496503E+10 0.1222553E+20

0.5720000E-09
0.8580000E-09

0.3318228E+01
0.3318228E+01

0.1748252E+10
0e1165501E+10

0.3056383E+19
0.1358393E+19

0.1144000E-08 0.3318229E+01 0.8741258E+09 0.7640960E+18
0.1430000E~-08 0.3318229E+01 0.,6993007E+09 0.4890214E+18
0.1716000E-08 0.3318229E+01 0,5827506E+09 0.3395982E+18
0.2002000E-08 0.3318229E+01 0.4995005E+09 0.2495007E+18
0.,2288000E-08 0.3318229E+01 0.4370629E+09 0.1910240E+18
0.,2574000E-08 0.3318229E+01 0.3885004E+09 0.1509325E+18
0.2860000E~-08 0.3318229E+01 0.3496503E+09 0.1222553E+18
0.5720000E~-08 0.3318229E+01 0.1748252E+09 0.3056383E+17
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0.8580000E-08
0.1144000E-07

0.3318229E+01
0.3318230E+01

0.1165501E+09
0.8741260E+08

0.1358393E+17
0.7640960E+16

0+1430000E-07
0.1716000E-07
0.,2002000E-07

0.3318230E+01
0.3318230E+01
0.3318230E+01

0.6993008E+08
0.5827506E+08
0.4995005E+08

0.4890214E+16
0.3395982E+16
0.2495007E+16

0.2288000E-07
0.2574000E-07
0.2860000E-07

0.3318230E+01
0.3318231E+01
0.3318231E+01

0.4370630E+08
0.3885005E+08
0.3496504E+08

0.1910240E+16
0.1509325E+16
0.1222554E+16

0.5720000E~-07
0.,8580000E-07
0.,1144000E-06

0.3318232E+01

0.3318234E+01
0.3318237E+01

0.1748253E+08
0.1165502E+08
0.8741268E+07

0.3056384E+15
0.1358393E+15
0.7640963E+14

0.1430000E-06
0.1716000E-06
0.,2002000E-06

0.3318239E+01
0.3318241E+01
0.3318243E+01

0.6993018E+07
045827516E+07
0.4995016E+0T

0.4890217E+14
0.3395984E+14
0.2495009E+14

0.2288000E-06
0.2574000E-06
0.2860000E-06

0.3318245E+01
0.3318247E+01
0.3318249E+01

0.4370640E+07
0.3885015E+07
0.3496515E+07

0.1910241E+14

01509327E+14
0.,1222555E+14

0.5720000E-06
0.8580000E-06
0.1144000E-05

0.3318268E+01
0.3318289E+01
0.3318309E+01

0.1748263E+07
0e1165512E+07
0.8741372E+06

0.3056389E+13
0.1358397E+13
0.7640993E+12

0.1430000E-05
0.1716000E-05
0.2002000E-05

0.3318330E+01
0.3318350E+01
0.3318370E+01

06993121E+06
0.5827620E+06
0.4995119E+06

0.4890240E+12

0+3396004E+12
0.2495026E+12

0.2288000E-05
0.2574000E-05
0,2860000E-05

0.3318390E+01
0.3318410E+01
0.3318430E+01

0.4370743E+06
0.3885118E+06
0349661 7TE+06

0.1910256E+12
0.1509340E+12
0.1222566E+12

0.5720000E-05
0.8580000E-05
041144000E-04

0.3318631E+01
0.3318832E+01
0.3319034E+01

0.1748366E+06
0.1165616E+06
0+8742405E+05

0.3056449E+11
0.1358436E+11
0.,7641289E+10

0.1430000E-04
0.1716000E-04
0.2002000E~-04

0.3319235E+01
043319436E+01
0.3319638E+01

0.6994154E+05
0.5828653E+05
0.4996152E+05

0.4890477E+10
0.3396201E+10
0.2495195E+10

0.2288000E-04
0.2574000E-04
0.2860000E-04%

043319839E+01
0.3320041E+01
0.3320242E+01

0.437177T7E+05
0.3886151E+05
0«3497651E+05

0.1910404E+10
0.1509471E+10
0.1222685E+10

0.5720000E-04
0.8580000E-04
0.1144000E-03

0.3322254E+01
0.3324268E+01
0.3326282E+01

0.1749400E+05
0.1166650E+05
0.8752750E+04

0.3057041E+09
0.1358831E+09
0.7644250E+08

0.1430000E-03
0.1716000E-03
0.2002000E-03

0.3328295E+01
0.3330309E+01
043332322E+01

0« 7004500E+04
0«5839001E+04
0.5006503E+04

0.4892847TE+08
0.33981T7T6E+08
0.2496888E+08

0.2288000E-03
0.2574000E-03
0.2860000E-03

0.3334336E+01
0.3336351E+01
0.3338365E+01

0.4382129E+04
0.3896506E+04
0.3508009E+04

0.1911886E+08
0.1510789E+08
0.1223871E+08

0.,5720000E-03
0.8580000E-03

0.3358512E+01
0.3378671E+01

0.1759779E+04
0.1177050E+04

0.3062980E+07
0.1362797E+07
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0.1144000E-02
0.1430000E-02

0.3398840E+01
0.3419019E+01

0.8856964E+03
0.,7108928E+03

0.7674039E+06
0.4916716E+06

0.1716000E-02
0.2002000E-02
0,2288000E-02

0.3439206E+01
0.3459401E+01
0.3479603E+01

0.5943641E+03
0.5111354E+03
0.4487191E+03

0.3418099E+06
0.2513992E+06
0.1926876E+06

0.2574000E-02
0.2860000E-02
0.5720000E-02

0.3499811E+01
0.3520023E+01
0.3722285E+01

0.4001777E+03
0.3613488E+03
0.1867300E+03

0.1524134E+06
0.,1235901E+06
0.3124091E+05

0.8580000E-02
0.1144000E-01
0.1430000E-01

0.3924268E+01
064125299E+01
0.,4324773E+01

0.1286528E+03
0.9970456E+02
0.,8240276E+02

0.1404182E+05
0.7989270E+04
0.517217183E+04

0.1716000E-01
0.,2002000E-01
0.,2288000E-01

0.4522153E+01
044716965E+01
0.4908793E+01

0.7091992E+02
0.6275858E+02
0.5667007E+02

03634725E+04
0.2702444E+04
0,2094193E+04

0.2574000E-01
0.2860000E-01
0.5720000&E-01

0.5097280E+01

0.5282115E+01
0.6890349E+01

0.5196078E+02
0.4821460E+02
0.3171562E+02

0.1675007E+04
0.1373610E+04
0.3905296E+03

0.8580000E-01
0.1144000E-00
0.1430000E-00

0.8035659E+01
0.8776542E+01
0.9205948E+01

0.2628709E+02
0.2338269E+02
0.2139770E+02

0.1980475E+03

0.1267241E+03
0.9164482E+02

0.1716000E-00
0.2002000E-00
0.,2288000E-00

0.9408030E+01
0.9448704E+01
0.9376786E+01

0.1984618E+02
0.1854159E+02
0.1739980E+02

0.7132034E+02
0.5821044E+02
0.4909072E+02

0.2574000E-00
0.2860000E+00
0.5720000E+00

0.9227579E+01
0.9026352E+01
0.6411343E+01

0.1637754E+02
0+1544975E+02
0.9227881E+01

0.4238356E+02
0.3723715E+02
0.1576953E+02

0.8580000E+00
0.1144000E+01
0.1430000E+01

0.4379144E+01
0.3013819E+01
0.2094103E+01

0.5895635E+01
0.3901760E+01
0.2638300E+01

0.8868557E+01
0.5473919E+01
0.3536999E+01

0.1716000E+01
0.2002000E+01
0.2288000E+01

0.1466576E+01
0.1033592E+01
0.7321753E+00

0.1810001E+01
0.1254845E+01
0.876956TE+00

0.2348718E+01
0.1588334E+01
0.1088280E+01

0.2574000E+01
0.2860000E+01
0.5720000E+01

0.5208601E+00
0.3718615E+00
0.1445335E-01

0e616T7696E+00
0«4360321E+00
0.1603239E-01

0.7530865E+00
0.5252123E+00
0.1797717E-01

0.8580000E+01
0.1144000E+02
0.1430000E+02

0.6328083E-03

0.2943256E-04
0.1421161E-05

0.6843405E-03
0.3135476E-04
0.1498847E-05

0.7445713E-03
0.3353429E-04
0.,1585182E-05

0.1716000E+02
0.2002000E+02
0.,2288000E+02

0.7040796E-07
0.3554473E~-08
0.1820497E-09

0.7372205E-07
0.3701495E-08
0.1887690E-09

0.7735250E-07
0.3860815E-08
0.1959887E-09

0.2574000E+02
0.2860000E+02
0.5720000E+02

0.9431089E-11
0.4931278E~-12
0.1002477E-24

0.9745447TE-11
0.5081162E-12
0.1018723E~-24

0.1008092E~10
0.5240214E-12
0.1035498E~-24

0.8580000E+02
0.1144000E+03

0.2599824E-37
0.7494568E-50

0.2628589E-37
O« 7557535E-50

0.2657991E-37
0.7621560E-50
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105

08/31/65 FORMO

7-6
0180 010 Ot

0.2308568E-62
0.7330851E-75

0.2324308E-62
0.7372675E-75

0.2002000E+03
0.2288000E+03
0,2574000E+03

0.2380000E-87
0.0000000E-00
0.0000000E-00

0.2391616E-87
0.0000000E-00
0.0000000E-00

0.2403346E-87
0.0000000E=-00
0.0000000E-00

0.2860000E+03
0.5720000E+03
0.,8580000E+03

0.0000000E-00
0.0000000E-00
0.0000000E-00

0.0000000E-00
0.0000000E-00
0.0000000E-00

0.0000000E=00
0.0000000E=00
0.0000000E=00

0.1144000E+04
0.1430000E+04
0.1716000E+04

0.0000000E-00
0.0000000E-00
0.0000000E-00

0.0000000E-00
0.0000000E-00
0.0000000E-00

0.0000000E-00
0.0000000E-00
0.0000000E-00

0.2002000E+04
0.2288000E+04
0.2574000E+04

0.0000000E-00
0.0000000E-00
0.0000000E=-00

0.0000000E~00
0. 0000000E-00
0.0008000E-00

0.0000000E-00
0.0000000E-00
0.0000000E-00

0.,2860000E+04
0.5720000E+04
0.8580000E+04

0.0000000E-00
0.0000000E-00
0.0000000E-00

0.0000000E-00
0.0000000E-00
0.0000000E-00

0.0000000E-00
0.0000000E-00
0.0000000E-00

0.1144000E+05
0.1430000E+05
0,1716000E+05

0.0000000E-00
0.0000000E-00
0.0000000E-00

0.0000000E-00
0. 0000000E-00
0.,0000000E-00

0.,0000000E-00
0.0000000E~-00
0.0000000E~-00

0.2002000E+05
0.2288000E+05
0.2574000E+05

0.0000000E=00
0.0000000E-00
0.0000000E-00

0.0000000E-00
0.0000000E-00
0. 0000000E-00

0.0000000E-00
0.0000000E-00
0.0000000E-00

0.2860000E+05
0.5720000E+05
0.8580000E+05

0.0000000E-00
0.0000000E-00
0.0000000E-00

0.0000000E-00
0.0000000E-00
0.0000000E-00

0.0000000E-00
0.0000000E-00
0.0000000E-00

0.1144000E+06
0.1430000E+06
0.1716000E+06

0.0000000E=-00
0.0000000E-00
0.,0000000E-00

0.0000000E-00
0.0000000E-00
0.0000000E-00

0.0000000E-00
0.0000000E-00
0.0000000E=-00

0.2002000E+06
0.2288000E+06
0.2574000E+06

0.0000000E-00
0.0000000E-00
0.0000000E-00

0.0000000E-00
0.0000000E-00
0.0000000E=-00

0.0000000E-00
0.0000000E~00
0.0000000E-00

0.2860000E+06
0.5720000E+06
0.8580000E+06

0.0000000E-00
0.0000000E-00
0.0000000E=-00

0. 0000000E-00
0.,0000000E~00
0. 0000000E-00

0.0000000E-00
0.0000000E~00
0.0000000E-00

0.1144000E+07
0.1430000E+07
0.1716000E+07

0.0000000E-00
0.0000000E-00
0.0000000E-00

0.0000000E-00
0.0000000E=00
0.,0000000E-00

0.0000000E-00
0.0000000E-00
0.0000000E-00

0.2002000E+07
0.2288000E+07
0.2574000E+07

0.0000000E=-00
0.0000000E-00
0.0000000E-00

0.0000000E~-00
0.0000000E-00
0., 0000000E~-00

0.0000000E-00
0.0000000E-00
0.0000000E-00

0.2860000E+07
0.5720000E+07
0.,8580000E+07

0.0000000E-00
0.0000000E-00
0.0000000E-00

0.0000000E-00
0. 0000000E=-00
0.,0000000E-00

0.0000000E-00
0.0000000E~-00
0.0000000E~-00

0.1144000E+08
0.1430000E+08

0.0000000E-00
0.0000000E-00

0.0000000E=-00
0.0000000E~-00

0.0000000E-0Q0
0.0000000E-00
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0.0000000E-00O
0.0000000E-00
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0.0000000E-00
0.0000000E=00
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0.0000000E~-00O
0.0000000E=00

0.2288000E+08
0.2574000E+08
0.2860000E+08

0.0000000E-00
0.0000000E-00
0.0000000E-00

0.,0000000E=00
0.0000000E=-00
0.0000000E=-00

0.0000000E-00
0.0000000E~-00
0.0000000E-00

0.5720000E+08
0.,8580000E+08
0.1144000E+09

0.0000000E-00
0.0000000E-00
0.0000000E-00

0.0000000E=00
0.0000000E-00
0. 0000000E-00

0.0000000E=00
0.0000000E=-00O
0.,0000000E=-00

0.1430000E+09
0.1716000E+09
0.2002000E+09

0.0000000E-00
0.0000000E-00
0.0000000E-00

0.0000000E-00
0.0000000E-00
0.0000000E-00

0.0000000E-00
0.0000000E~-00
0.0000000E-00

0.2288000E+09
0.2574000E+09
0.,2860000E+09

0.0000000E-00
0.0000000E-00
0.0000000E-00

0.0000000E-00
0.0000000E-00
0.0000000E-00

0.0000000E-00
0.0000000E-00
0.0000000E=-00

0.5720000E+09
0.8580000E+09
0.,1144000E+10

0.0000000E-00
0.0000000E-00
0.0000000E-00

0.0000000E-00
0.0000000E-00
0.0000000E-00

0.0000000E-00
0.0000000E~-00
0.0000000E-00

0.1430000E+10
0.1716000E+10
0,2002000E+10

0.0000000E-00
0.0000000E-00
0.0000000E-00

0.0000000E-00
0.0000000E-00
0.0000000E=00

0.0000000E-00
0.0000000E-00
0.0000000E-00

0.2288000E+10
0.2574000E+10
0.2860000E+10

0.0000000E-00
0.0000000E-00
0.0000000E-00

0.0000000E-00

0.0000000E-00
0.0000000E-00

0.0000000E=-00
0.0000000E-00
0.0000000E-00

0+.5720000E+10
0.8580000E+10
0.1144000E+11

0.0000000E-00
0.0000000E-00
0.0000000E-00

0.0000000E-00
0.0000000E-00
0.0000000E=-0Q0

0.0000000E-00
0.0000000E=-00
0.0000000E-00

0.1430000E+11
0.1716000E+11
0.2002000E+11

0.0000000E-00
0.0000000E-00
0.0000000E-00

0.0000000E-00
0.0000000E=-00
0.0000000E-00

0.0000000E-00
0.0000000E=-00
0.0000000E=-00

0.2288000E+11
0.2574000E+11

0.0000000E-00
0.0000000E-00

0.0000000E=-00
0.0000000E-00

0.0000000E-00
0.0000000E=-00

STOP END OF PROGRAM AT STATEMENT 0102 + 01 LINES.
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TABLE F-4
TRANSFORM FUNCTIONS FOR SILICON AT 50°K.

The tabulated wvalues are as follows:

0 H_l(as'\/) Ho(asv) Hl(a:'Y)

The parameter ¢ is taken equal to one nearest neighbor
spacing. The parameter <y is that appropriate to this
material and temperature, according to the work of Kroupa

and Brown.
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0.,2800000E-16

0.3318229E+01

0.3571428E+17

¥-r

CZ*Z7Z6179ZZMT0O6 M B MCNEIL 08/27/65 FORMO 0180 010 000 00O
0.4000000E-18 0.3318228E+01 0.2500000E+19 0.6249999E+37
0.8000000E-18 043318228E+01 0.1250000E+19 0.1562500E+37
0.1200000E-17 0.3318229E+01 0.8333333E+18 0694444 4FE+36
0.1600000E-17 0.3318229E+01 0.6250000E+18 0.3906250E+36
0.2000000E-17 0.3318229E+01 0.5000000E+18 0.2500000E+36

0.2400000E-17 ~~ 06.3318229F+01 .= 0.4166666F+18 = 0.1736111F+36
0.2800000E-17 0.3318229E+01 0.3571428E+18 0.1275510E+36
0.3200000E-17 0.3318228E+01 0.3125000E+18 0.9765623E+35
0.3600000E-17 . 0.3318228E+01 - Q0.2777718E+18 . 0.7716047E+35
0.4000000E-17 0.3318228E+01 0.2500000E+18 0.6249999E+35
0.8000000E-17 0.3318228E+01 0.1250000E+18 0.1562500E+35

0.1200000E=16 0.3318229FE+01 0.8333333F+17 0.69444464LE+34
0.1600000E-16 0.3318229E+01 0.6250000E+17 0.3906250E+34
0.2000000E~-16 0.3318229E+01 0.5000000E+17 0.2500000E+34
0.2400000E=16 = 0.3318229E+Q1 = 0.4166666E+17 0.1736111E+34

0.1275510E+34

0.2800000E-14
0.3200000E-14%

0.3600000E=14

0.4000000E-14
0.8000000E-14
0.1200000E-13
0.1600000E-13
0.2000000E-13
0.2400000E=13

0.3318229E+01
0.3318228E+01
0.3318228F+0]

0.3571428E+15
0.3125000E+15
0. 2777718F+15

0.3200000E-16 0.3318228E+01 0.3125000E+17 0.9765623E+33
~0.,3600000E-16 0.,3318228E+01 0.,27777718E+17 0.7716047E+33
0.4000000E~-16 0.3318228E+01 0.2500000E+17 0.6249999E+33
0.8000000E-16 0.3318228E+01 0.1250000E+17 0.1562500E+33
0:1200000F=15. . 03 33X8229E40] ... . 0,82333323F+16 0.6944444E+32
0.1600000E-15 0.3318229E+01 0.6250000E+16 0.3906250E+32
0.2000000E~-15 0.3318229E+01 0.5000000E+16 0.2500000E+32
. 042400000F=15 043318229FE+01.. . 0.4166666F+16 0.1736111FE+32
0.2800000E-15 0.3318229E+01 0.3571428E+16 0.1275510E+32
0.3200000E~-15 03318228E+01 0.3125000E+16 0.9765623E+31
0.3600000E-15 0.3318228E+01 _ D 2TTTTIBE®] 6. . 0.7716047E+31
0.4000000E-15 0.3318228E+01 0.2500000E+16 0.6249999E+31
0.8000000E=-15 0.3318228E+01 0.1250000E+16 0.1562500E+31
0.1200000E=14 0.3318229F+01 0.8333333F+15 0.6944444F +30
0.1600000E~-14 0.3318229E+01 0.6250000E+15 0.3906250E+30
0.2000000E-14 0.3318229E+01 0.5000000E+15 0.2500000E+30
0.2400000E~-14 0.3318229E+01 0.4166666E+15 0.1736111E+30

0.1275510E+30
0.9765623E+29
0.7716047E4+29

0.3318228E+01
0.3318228E+01
0.3318229E+01
0.3318229E+01

0.3318229E+01
0.3318229E+01

0.2800000E-13
0.3200000E-13

0.3600000E~-13.

0.4000000E-13

0.3318229E+01
0.3318228E+01

0.3318228E+01

- 0+3318228E+01]

0.2500000E+15 0.6249999E+29
0.1250000E+15 0.1562500E+29
0.8333333E+14 0.6944444E+28
0. 6250000E+14 0.3906250E+28
0.5000000E+14 0.2500000E+28
N.4Llb66666E+]14 Q.1736111E+28
0.3571428E+14 0.1275510E+28
0.3125000E+14 0.9765623E+27
0.27777718E+14 0.77160647E+27
0.2500000E+14 0.6249999E+27
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0.8000000E-13
0.1200000E-12
0.,1600000E-12
0.2000000E-12
0.2400000E-12

0.3200000E-12
0.,3600000E~12
0.4000000E=12
0.8000000E-12

0.1200000E~-11
0.1600000E=11

0.3318228E+01
0.3318229E+01

- 0.3318229E+01

0.3318229E+01
0.3318229E+01

0.3318228E+01
0.3318228E+01
0.3318228E+01
0.3318228E+01

0.3318229E+01
0,3318229E+01

0.1250000E+14
0.8333333E+13
0+6250000E+13
0.5000000E+13
De4166666E+13

0.3125000E+13
02T 0T I8E+]3
- 0+2500000E+13
0.1250000E+13

0.8333333E+12
0.6250000E+12

0.1562500E+27

0.6944444E+26
0.3906250E+26

0.2500000E+26
0.1736111E+26

0.2800000E=12 _0,3318229E+01 0,3571428E+13 Q0,12755]10E+26

0.9765623E+25
0.7716047E+25

0.6249999E+25

0.1562500E+25
0.6944444E424

0.3906250E+24

0.,2000000E-11
0.2400000E-11
0.2800000E=11
0.3200000E-11
0.,3600000E-11

_0.4000000E=11

0.3318229E+01
0.3318229E+01

- 0.3318229E+01

0.3318228E+01

0.3318228E+01
0.,3318228E+01

0.5000000E+12
0.4166666E+12

- 0e3571428E+12

0.3125000E+12

0.2777T7T78E+12
0.2500000E+12

0.2500000E+24
0.1736111E+24

0412755106424

0.9765623E+23

0.7716047E+23
0.6249999E+23

0.8000000E-11
0.1200000E-10
0.1600000E-10
0.2000000E-10
0.2400000E-10

0.2800000E=10_.

0.3200000E-10
0.3600000E-10
0.4000000E-10
0.8000000E-10
0.1200000E-09

0.1600000E=09

0.3318228E+01
0.3318229E+01
0.3318229E+01
03318229E+01
0.3318229E+01
0.3318229F+01
0.3318228E+01
0.3318228E+01
0.3318228E+01
0.3318228E+01
0.3318229E+01
0.3318229FE+01

0.1250000E+12
0.8333333E+11
0.6250000E+11
0.5000000E+11
0.4166666E+11
0.3571428E+11

0.1562500E+23

0.6944444E+22
0+3906250E+22

0.2500000E+22
0.1736111E+22
Q0.1275510E422

0.3125000E+11
0.2777T78E+11

- 0.2500000E+11

0.1250000E+11

0.8333333E+10
0.6250000E+10

0.9765623E+21
0.7716047E+21
0.6249999F+21]

0.1562500E+21

0.6944444E+20
0.3906250E+20

0.2000000E-09
0.2400000E~-09
0.2800000E-09
0.3200000E-09
0.3600000E-09
0.4000000E-09

~0.3318228F+01

0.8000000E=09
0.1200000E-08
0.1600000E-08
0.2000000E~-08
0.2400000E-08
0.2800000E=08

0.3318229E+01
0.3318229E+01
0.3318229E+01
0.3318228E+01
0.3318228E+01

0.5000000E+10
0.4166667TE+10
0.3571428E+10
0.3125000E+10
0.2777778E+10
0.2500000FE+10

0.2500000E+20

0.1736111E+20
0.1275510E+20

0.9765623E+19
0.7716047E+19
0.6249999F+19

0.3318229E+01
0.3318230E+01
0.3318230E+01 .
0.3318231E+01
0.3318231E+01
0.3318231F+01

0.1250000E+10
0.8333334E+09
0.6250001E+09
0.5000001E+09
0e416666TE+Q9
0.3571429FE+09

0.1562500E+19
0.6944444E+18

0:3906250FE+18

0.2500000E+18
O.1736111E+18

- 0.1275510F+18

0.3200000E-08
0.3600000E~-08
0.4000000E-08
0.8000000E-08

0.3318231E+01
0.3318231E+01

.03318232FE+01

0.3318236E+401

0.3125001E+09
0.277TT7T79E+09

- 0.2500001E+09 —

0.1250001E+09

0.9765623E+17
0.7716048E+17

0.6250000E+17

0.1562500E+17
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0.1200000E-07 0.3318240E+01 0.8333344E+08 0.6944446E+16
0.1600000E-07 0e3318244E+01 0.6250012E+08 0.3906252E+16
0.2000000E-07 0.3318248E+01 0.5000012E+08 0.2500002E+16
0.2400000E-07 0.3318252E+01 0.4166678E+08 0.1736112E+16
0.2800000E-07 0.3318256E+01 0.3571440E+08 0.1275511E+16
0.3200000E=07 .. . 0.3318259E+01 0.3125012E+08 0,9765635E+168
0.3600000E-07 0.3318262E+01 0.2777790E+08 0.7716058E+15
0.4000000E-07 0.3318266E+01 0.2500012E+08 0.6250008E+15
0.8000000E-07 0.3318305E+01 0.1250012E+08 - 0.1562504E+15
0.1200000E-06 0.3318343E+01 0.8333453E+07 0.69444T4E+]14
0.1600000E-06 0.3318382E+01 0.6250121E+07 0.3906273E+14
0.2000000E=-06 0.3318420E+01 0.5000121E+07 0.,2500018E+14
0.2400000E-06 0.3318459E+01 0.4166788E+07 0.1736126E+14
0.2800000E-06 0.3318497E+01 0.3571550E+07 0.1275523E+14
0.3200000E-06 0.3318534E+01 0.3125121E+07 0.9765738E+13
0.3600000E-06 0.3318572E+01 0.27778B99E+07 0.7716151E+13
0.4000000E-06 0.3318611E+01 0.2500121E+07 0.6250091E+13

. 0.8000000E=06 0.3318994F+01 0.1250122E+07 D.1562546E+13
0.1200000E-05 0.3319377E+01 0.8334549E+06 0.6944752E+12
0.1600000E-05 0.3319761E+01 0.6251217E+06 0.3906481E+12
0.2000000E-05 0.3320144E+01  0.5001217E+06 0.2500185E+12
0.2400000E~05 0.3320527E+01 0.4167884E+06 0.1736265E+12
0.2800000E-05 0.3320910E+01 0.3572646E+06 0.1275642E+12
03200000E=05_ _ _ _0.3321293F+01_ 0.3126217FE+06 0.9766T779E+11
0.3600000E-05 03321676E+01 0.2778995E+06 O0.7717076E+11
0.4000000E~05 0+3322059E+01 0.2501218E+06 0.6250923E+11
0.8000000E-05 043325897E+01 0.1251219E+06 O 1562962E41)
0.1200000E-04 0:3329739E+01 0.8345529E+05 0.6947529E+10
0.1600000E-04 0.3333586E+01 0.6262203E+05 0.3908564E+10
0.2000000E=04 0.3337439F+01 0. 5012210F+08 __ . 0,2501852F¢ln
0.2400000E-04 0.3341297E+01 0.4178884E+05 0.1737655E+10
0.2800000E-04 03345161E+01 0.3583653E+05 0.1276834E+10
0.3200000E-04 0.3349028E+01 0.3137231E+05 0.9777207E+09
0.3600000E~04 0.3352903E+01 0.2790016E+05 0.7726347E+09
0.4000000E-04 0.3356782E+01 0.2512246E+05 0.6259271E+09
0.8000000E=04% 0,3395873E+01 041262316E+05 0,156 7147E+09
0.1200000E-03 0.3435506E+01 0.8457191E+04 0.6975503E+08
0.1600000E-03 0.3475690E+01 0.6374567E+04 0.3929601E+08
0.2000000E-03 0.3516431E+01 0.5125282E+04 0.2518727E+08
0+2400000E~-03 0.3557738E+01 0.4292669E+04 0.1751756E+08
0.2800000E-03 0.3599617E+01 0.3698158E+04 0.1288953E+08
0.3200000E=03 = 0.3642077F+01 . 0.3252464F+04 0.9883550FE+07
0.3600000E-03 0.3685126E+01 0.2905982E+04 0.7821135E+07
0+4000000E-03 0.3728772E+01 0.2628952E+04 0.6344817E+07
0.8000000E-03 0.4199858E+01 0.1386807E+04 0.1611158E+07
0.1200000E~02 0.4740120E+01 0.9787398E+03 0.7277830E+06



CZ#Z2Z6179ZZMT06

M B MCNEIL

111

08/27/65 FORMO

v.5

0180 010 000 000

0.1600000E-02
0.2000000E-02
0.2400000E=02 .
0.,2800000E-02

0.3200000E-02

0.5359334E+01
0.6068554E+01
0.6880276E+01
0.7808591E+01
0.8869386E+01

0. 7798283E+03
0.6651564E+03

- 0+5931502E+03

0.5460543E+03
0.5150524E+03

0.4163585E+06
0.2712189E+06

0+1918649E+06

0.1437290E+06
0.1123181E+06

- 0+3600000E=02 — 0,1008055E+02  0.,4953073E+03  0.9068303E+05

0.4000000E-02
0.,8000000E-02

0.1200000E=01 . -

0.1600000E-01
0,2000000E-01

--0.2400000E=01

0+.1146219E+02 0.4839783E+03
0,4126637TE+02 0.6453984E+03
0.1407801E+03 0,1334164E+04
0.4445415E+03 0.3126821E+04

0.1298344E+04
0.3525472E+04

0.7443279E+04
0.1732139E+05

0.7515072E+05
0.2601166E+05

0.2069748E+05

0.271367T7E+05

0.4642190E+05
0.8808730E+05

0,2800000E-01 0.8956050E+04 0.3889572E+05 061714493E+06
0.3200000E-01 0.2141491E+05 0.8395979E+05 0.3314186E+06
0.3600000E-01 0.48462T79E+05 0.1741846E+06 = 0.6281219E+06
0.4000000E-01 0.1043117E+06 0.347TT636E+06 0.1161373E+07
0.8000000E-01 0.3039971E+08 0.6585686E+08 0.1426729E+09
- 041200000E-00  0.9945752FE+09 0.1767925F+10 = 0.3142614F+10
0.1600000E-00 0,1036543E+11 0.1641028E+11 0.2598037E+11
0.2000000E-00 0.5517726E+11 0.8091963E+11 0.1186719E+12
0.2400000E-00 0.1915749E+12 0.2660560E+12. 0.,3694943FE+12
0.2800000E-00 0.4985980E+12 0.6647522E+12 0.8862765E+12
0.3200000E-00 0.1058962E+13 0.1367742E+13 0.1766559E+13
0.3600000E-00 . 0.1938641E+13 ___ 0.2441116F+13 0.3073829F+13
0.4000000E+00 0.3173931E+13 0.3914316E+13 0.4827416E+13
0.8000000E+00 0,2697562E+14 0.3012243E+14 0.3363660E+14
0.1200000E+Q1 0.4128627E+14 ~ 044450154E+14  ~ 0.,4796888E+14
0.1600000E+01 0.3976049E+14 0.4209514E+14 0.4457086E+14
0.2000000E+01 0.3192406E+14 0¢3344249E+14 0.3503893E+14

0.2400000E+01

0,2353242E+14

0.2448582E+14

0.2548423E+14

0.2800000E+01

0.3200000E+01 0.1141501E+14
0.3600000E+01. 0.7742759E+13
0.4000000E+01 0.5208137E+13
0.8000000E+01 0.8857851E+11
0.1200000E+02 0a1484596F+10
0+1600000E+02 0.2506421E+08
0.2000000E+02 0.4258879E+06
0.2400000E+02 0.7276284E+04
0.2800000E+02 0.1249001E+03
0.3200000E+02 02152727E+01
0.3600000E+02  0.3723675E-01
0.4000000E+02 0.6461500E-03
0.8000000E+02 0.1802050E-20
0.1200000E+03 =~ 0.5704155E=38
0.1600000E+03 0.1931684E-55

0.1659246E+14

0.1718728E+14
0.1178790E+14
0.7978468E+13
0.5358401E+13
0.9065934E+11
0.1516186E+10

0.1780936E+14
061217791E+14

0.8225178E+13

0.5515816E+13
0.9284060E+11
0.1549164FE+10

0.2555335E+08
0.4335693E+06

0« 7398335E+04

0.1268588E+03
0.2184432E+01
0.3775383E=01

0.2606209E+08
0.4415341E+06

0.7524561E+04

0.,1288800E+03
0.2217086E+01
0.3828546F-01

0.6546388E-03
0.1817484E-20

0e194147T7E-55

_ 0.5740471E-38

0.6633534E-03

0.1833184E-20
0.,5777250E~=38

0.1951369E~55
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0.2000000E+03 0.6823268E-73 0.6852012E-73 0.6880998E-T73
0.2400000E+03 0.0000000E-00 0.0000000E-00 0.0000000E-00
0.2800000E+03 0.0000000E-00 0.0000000E-00 - 0.,0000000E=00—
0.3200000E+03 0.0000000E-00 0.0000000E-00 0.0000000E-00
0.3600000E+03 0.0000000E-00 0.0000000E-00 0.0000000E=-00

0.4000000E+03 . 0,0000000E=00 0. 0000000E=00 0 ,0000000E=00
0.8000000E+03 0.0000000E-00 0.0000000E-00 0.0000000E-00
0.1200000E+04 0.0000000E=-00 0.0000000E-00 0.0000000E-00
0.1600000E+04. 0.0000000E=00 .. . 0,0000000E=00__ _ Q.0000000E=00_
0.2000000E+04 0.0000000E-00 0.0000000E-00 0.0000000E-00
0.2400000E+04 0.0000000E=-00 0.0000000E=-00 0.0000000E-00
0.2800000F+04&4 ____0.0000000E-00 0..0000000E=00 0.0000000E=00
0.3200000E+04 0.0000000E-00 0.0000000E=-00 0.0000000E-00
0.3600000E+04 0.0000000E=00 0.0000000E-00 0.0000000E-00
0.4000000E+04 0.0000000E-00 ~ _ 0.0000000E=00 _____ 0,0000000E-00
0.8000000E+04 0.0000000E-0Q0 0.0000000E-00 0.0000000E-00
0.1200000E+05 0.0000000E-00 0.0000000E-00 0.0000000E=-00

_0.1600000FE+05 0.0000000E=-0Q0 0.0000000E=00 0.0000000E=00
0.2000000E+05 0.0000000E-00 0.0000000E-00 0.0000000E=-00
0.2400000E+05 0.0000000E-00 0.0000000E=-00 0.0000000E-00
0.2800000E+05 0.0000000E=-00 _ 0.0000000E=00 0.0000000E=00
0.3200000E+05 0.0000000E-00 0.0000000E-00 0.0000000E-00
0.3600000E+05 0.0000000E-00 0.0000000E-00 0.0000000E-00
0.4000000E+05 . 0.0000000E=00.. _  0.,0000000E=00 0.0000000E=00
0.8000000E+05 0.0000000E=-00 0.0000000E-00 0+0000000E-00
0.1200000E+06 0.0000000E-00 0.0000000E=00 0.0000000E-00
0.1600000E+06 0.0000000E=00. 0.0000000E=00 - G.0000000E=00
0.2000000E+06 0.0000000E=-00 0. 0000000E-00 0.0000000E=-00
0.2400000E+06 0.0000000E=00 0.0000000E-00 0.0000000E-00
0.2800000E+0A _ 0.0000000E=-00 0.0000000FE=00 0.0000000E=00
0.3200000E+06 0.0000000E=-00 0.0000000E-00 0.0000000E=-00
0.3600000E+06 0.0000000E-00 0.0000000E-00 0.0000000E=-00
0.4000000E+06 0.0000000E-00 0.0000000E=00 0.0000000E=00
0.8000000E+06 0.0000000E-00 0.0000000E-00 0.0000000E-00
0.1200000E+07 0.0000000E-00 0.0000000E-00 0.0000000E-00
0.1600000E+07 0.0000000E=00 0.0000000E=00 0.,0000000E=00
0,2000000€E+07 0.0000000E-00 0.0000000E-00 0.0000000E-00
0.2400000E+07 0.0000000E=00 0.0000000E-00 0.0000000E-00
0.2800000E+07 0.0000000E-00 0.0000000E=-00 0.0000000E=-00
0.3200000E+07 0.0000000E-00 0.0000000E-00 0.0000000E-00
0.3600000E+07 0.0000000E-00 0.0000000E-00 0.0000000E-00
0.4000000E+07 . _ 0.0000000FE=00__ __0.0000000E=-00 0.0000000E=00
0.8000000E+07 0.0000000E-00 0.0000000E=-00 0.0000000E-00
0.1200000E+08 0.0000000E=-00 0.0000000E=00 0.0000000E-00
0.1600000E+08. 0.0000000E=00. .  0.0000000E=00 - 0.0000000E=00__
0.2000000E+08 0.0000000E=-00 0.,0000000E=00 0.0000000E-00
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0+2400000E+08
0.,2800000E+08
0.3200000E+08-
0.3600000E+08
0.4000000E+08

0.1200000E+09
0.1600000E+09
0.2000000E+09
0.,2400000E+09
0.,2800000E+09

0.0000000E-00

0.0000000E-00
0.0000000E-00
0.0000000E-00
0.0000000E-00

0.8000000E+08  0.0000000E=00
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=

0.0000000E~0QO
0,0000000E-00
0..0000000E-00
0.0000000E-00

0.0000000E-00
0.0000000E=00

0.0000000E=-00
0.0000000E-00

0.0000000E=00

0.,0000000E-00

0.0000000E-00
0.0000000E=00

0.0000000E-00
0.0000000E-00

0.0000000E-00

0.0000000E-00
0.0000000E-00

0.0000000E-00
0.0000000E-00

0. 0000000E=00

0.0000000E-00
0.0000000E-0QO

0.0000000E-00
0.0000000E-00

0.0000000E=00
0.0000000E~00

_0.0000000E=00

0.3200000E+09 __ 0.0000000E=00 ___0.0000000E=00 __ 0.0000000E=00

0.3600000E+09
0.4000000E+09
0.8000000E+09.
0,1200000E+10
0.1600000E+10

0.0000000E~-00
0.0000000E=00
0.0000000E=00
0.0000000E-00
0.0000000E=-00

0.0000000E~-00
0.0000000E=0O0

. 0.0000000E=-00

0.0000000E-00
0. 0000000E-00

0.0000000E-00

0.0000000E~00°
____0.0000000E=00

0.0000000E-00
0.0000000E~-00

0.2000000E+10_ __ 0.0000000E=00  0.0000000F=00 ~ 0.0000000F=00

0.2400000E+10
0.,2800000E+10
0.3200000E+10
0.3600000E+10
0.4000000E+10

0.8000000E+10

0.1200000E+11
0.1600000E+11
0.2000000E+11
0.2400000E+11
0.2800000E+11

0.3200000E+11

0.0000000E-00
0.0000000E-00
0.0000000E-00
0.,0000000E=-0Q0
0.0000000E-00

0.0000000E=00

0.0000000E-00
0.0000000E-00

0.0000000E-00
0.0000000E-00

0..0000000E=0Q0 .

0.0000000E-00

0.0000000E-00
0.0000000E=00

0.0000000E~00

0.0000000E-00
0.0000000E=00

0.0000000E-00

0.0000000E-00
0.0000000E=00

0.0000000E=-00

0.0000000E-00

0.,0000000E-00
0.0000000E-00

0.0000000E-0O0
0.0000000E-00

0.0000000E=00

0.0000000E-00

0. 0000000E-00
0.0000000E=-00

0.0000000E-00
0.0000000E-00

0.0000000E-00

0.0000000E-00
0.0000000F=00

. 0,0000000E=00

0.3600000E+11

0.0000000E-00

0. 0000000E-00

STOP END OF PROGRAM AT STATEMENT 0102 + 01 LINES.

0.0000000E-00
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TABLE F-5
TRANSFORM FUNCTIONS FOR SILICON AT 100°K.

The tabulated values are as follows:

5 H_q(8,7v) Hy(6,7v) Hy (8,7)

The parameter € is taken equal to one nearest neighbor
spacing. The parameter 7y is that appropriate to this
material and temperature, according to the work of Kroupa

and Brown.



. 0.2400000E=-17

 0.1200000E-16
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 0.2400000E-15

0.3200000E-15
0.4000000E-15

.0.1200000E-14

CZ%776176ZIMT06 M B MCNEIL 08/27/65 FORMO 0180 010 000 000 :
0.4000000E-18 0.3318228E+01 0.,2500000E+19 0.6249999E+37
0.8000000E-18 0.3318228E+01 0.1250000E+19 0.1562500E+37
0.1200000E~-17 0.3318229E+01 0,8333333E+18 0.6944444E+36
0.1600000E=17 0.3318229E+01 0.,6250000E+18 0.3906250E+36
0.2000000E=-17 0.3318229E+01 0.5000000E+18 0.2500000E+36

.. 003318229E+01  _0,4166666E+18 ~ 0,1736111E+36
0.2800000E-17 0.3318229E+01 0.3571428E+18 0.1275510E+36
0.3200000E=-17 0.3318228E+01 0.3125000E+18 0.9765623E+35 .
0.3600000E-17 0s3318228E401 ... D.27TTTTBEF18 _0,7716047E+35
0.4000000E~-17 0.3318228E+01 0.2500000E+18 0.6249999E+35
0.8000000E-17 0.3318228E+01 0.1250000E+18 0.1562500E+35

200000E-16  0.3318229E+01 0.8333333E+17 0.6944444E434
0.1600000E-16 0.3318229E+01 0.6250000E+17 0.3906250E+34
0.2000000E~-16 0.3318229E+01 0.5000000E+17 0.2500000E+34
0.2400000E-16 0.3318229E+01  0.4166666E+1T 0.1736111E+34
0.2800000E~-16 0.3318229E+01 0.3571428E+17 0.1275510E+34 .
0.3200000E-16 0.3318228E+01 0.3125000E+17 0.9765623E+33
0.3600000E~-16 0.3318228E+01 0,2777778E+17 0.7716047E+33
0.4000000E~-16 0.3318228E+01 0.2500000E+17 0.6249999E+33
0.8000000E~16 0.3318228E+01 0.1250000E+17 0.1562500E+33
0.1200000E-15 ~  0.3318229E+01 0.8333333E+16 0.6944444E+32
0.1600000E-15 0.3318229E+01 0. 6250000E+16 0.3906250E+32
0.2000000E-15 0.3318229E+01 0.5000000E+16 0.2500000E+32
0.3318229E+01  0.4166666E+16 0,1736111E+32
0.2800000E~-15 0.3318229E+01 0.3571428E+16 0.1275510E+32
0.3318228E+01 0.3125000E+16 0.9765623E+31
0.3600000E-15 0.3318228E+01 002777778E+16 0,7716047E+31
0.3318228E+01 0.2500000E+16 0.6249999E+31
0.8000000E~-15 0.3318228E+01 0.1250000E+16 0.1562500E+31
0.3318229E+01 0.8333333E+15 0,6944444E+30
0.1600000E-14 0.3318229E+01 0.6250000E+15 0.3906250E+30
0.2000000E-14 0.3318229E+01 0.5000000E+15 0.2500000E+30
0.2400000E-14 = 0e3318229E+01 = 0.4166666E+15  0,1736111E+30
0.2800000E~-14 0.3318229E+01 0.3571428E+15 0.1275510E+30
0.3200000E-14 0.3318228E+01 0.3125000E+15 0.9765623E+29
0.3600000E-14 0.3318228E+01 0.2777178E+15 0.7716047E+29
0.4000000E-14 0.3318228E+01 0.2500000E+15 0.6249999E+29
0.8000000E-14 0.3318228E+01 0.1250000E+15 0.1562500E+29
0.1200000E-13 0.3318229E+01 0.8333333E+14 0.6944444E+28
0.1600000E~13 0.3318229E+01 0.6250000E+14 0.3906250E+28
0.2000000E-13 0.3318229E+01 0.5000000E+14 0.2500000E+28
0.2400000E-13 0«3318229E+01 0e4166666E+14 0.1736111E+28
0.2800000E~13 0.3318229E+01 0.3571428E+14 0.1275510E+28
0.3200000E-13 0.3318228E+01 0.3125000E+14 0.9765623E+27
0.3600000E-13  0.3318228E+01 0.2777778E+14 0.7716047E+27
0.4000000E-13 0.3318228E+01 0.2500000E+14 0.6249999E+27
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0.8000000E~13
0.1200000E-12
061600000E-12
0.2000000E-12
0.,2400000E-12

0.3200000E~-12
0.3600000E-12
0.4000000E-12
0.8000000E~12
0.1200000E~11
0.1600000E-11

0.3318228E+01
0.3318229E+01
0.3318229E+01

 0.3318229E+01

0.3318229E+01

0.3318228E+01
0.3318228E+01

0.3318228E+01

0.3318228E+01
0.3318229E+01
0.3318229E+01

0.1250000E+14
0.8333333E+13

0.6250000E+13

0.5000000E+13
0.4166666E+13

0.3125000E+13
0s2777TTT78E+13

. 0.2500000E+13

0.1250000E+13
0.8333333E+12
0.6250000E+12

0.1562500E+27
0.6944444E+26

0.3906250E+26

0.2500000E+26
0.1736111E+26

0.2800000E=12 ~~ 0,3318229F+01 ~~  0.3571428FE+13  0.1275510E+26

0.9765623E+25
0.7716047E+25

0,6249999E+25

0.1562500E+25
0.6944444E+24
0.3906250E+24

0.2000000E-11
0.2400000E~-11
0.2800000E-11
0.3200000E-11
0.3600000E-11

0.4000000E-11

0.3318229E+01
0.3318229E+01

0.3318229E+01

0.3318228E+01

0.3318228E+01
0.3318228E+01

0.5000000E+12
O0.4166666E+12

0.3571428E+12

0.3125000E+12
Qe 277T7T7T78E+12
0.2500000E+12

0.2500000E+24
0.1736111E+24

0.1275510E+24

0.9765623E+23
0.7716047E+23
0.6249999E+23

0.8000000E-11
0.1200000E-10
0.1600000E-10
0.2000000E-10
0.2400000E-10

0.3318228E+01
0.3318229E+01

- 043318229E+01

0.3318229E+01

0.1250000E+12
0.8333333E+11

- 0.6250000E+11

0.5000000E+11

0.1562500E+23
0+6944444E+22

0.3906250E+22

0.2500000E+22 .

0.3318229E+01 0.4166666E+11 0.1736111E+22
0.2800000E~-10 0.3318229E+01 0.3571428E+11 0.1275510E+22
0.3200000E-10 0.3318228E+01 0.3125000E+11 0.9765623E+21
0.3600000E-10 0.3318228E+01 0.2777T7T78E+11 0.7716047E+21
0.4000000E~-10 0.3318228E+01 __ 0.2500000E+11 0.6249999E+21
0.8000000E-10 0.3318228E+01 0.1250000E+11 0.1562500E+21
0.1200000E-09 0.3318229E+01 0.8333333E+10 0.6944444E+20
0.1600000E-09 0.3318229E+01 0.6250000E+10 0.3906250E+20
0.2000000E-09 0.3318229E+01 0.5000000E+10 0.2500000E+20
0.2400000E-09 0.3318229E+01 0.416666TE+10 0.1736111E+20
0.2800000E-09 0.3318229E+01 0.3571429E+10 0.1275510E+20
0.3200000E-09 0.3318229E+01 0.3125000E+10 0.9765623E+19
0.3600000E-09 0.3318228E+01 0.2777778E+10 0.7716048E+19
0.4000000E-09 0.3318229E+01 0.2500000E+10 0.6249999E+19
0.8000000E-09 0.3318230E+01 0.1250000E+10 0.1562500E+19
0.1200000E-08 0.3318231E+01 0.8333335E+09 0.6944444E+18
0.1600000E-08 0.3318232E+01  0.6250002E+09 0.3906250E+18
0.2000000E-08 0.3318233E+01 0.5000002E+09 0.2500000E+18
0.2400000E-08 0.3318233E+01 0.4166668E+09 0.1736111E+18
0.2800000E-08 0.3318234E+01 0.3571431E+09 0.1275510E+18
0.3200000E-08 0.3318234E+01 0.3125002E+09 0.9765625E+17
0.3600000E-08 0.3318234E+01 0.2777780E+09 0.7716049E+17
0.4000000E-08 0.3318236E+01  0.2500002E+09 0.6250001E+17
0.8000000E-08 0.3318244E+01 0.1250002E+09 0.1562501E+17



117

5. ¥
> CZI%1161762ZMTO6 M B MCNEIL 08/27/65 FORMO 0180 010 000 000
0,1200000E-07 0.3318252E+01 0.8333357E+08 0.6944450E+16
0.1600000E-07 0.3318260E+01 0.6250024E+08 0.3906254E+16
0.2000000E=07 ~  0.3318267E+01  0.,5000024E+08_ 0.2500003E+16
0.2400000E-07 0+3318275E+01 0.4166691E+08 0.1736114E+16
0.2800000E-07 0.3318283E+01 0.3571452E+08 0.1275513E+16
- 0.3200000E-07 0.3318290E+01 0.3125024E+08 0,9765646E+15
0.3600000E-07 0.3318297E+01 0.2777802E+08 0.7716068E+15
0.4000000E-07 0.3318306E+01 0.2500024E+08 0.6250017€+15
0.8000000E-07 - 0.3318383E+01 _ 0.1250024E+08 =~~~ 0.1562509E+15
0.1200000E-06 0.3318462E+01 0.8333577E+07 0.6944505E+14
0.1600000E-06 0.3318540E+01 0.6250244E+07 0.3906296E+14
_ 0.2000000E-06 0.3318618E+01 0.5000243E+07 0.2500037E+14
0.2400000E-06 0.3318695E+01 0.4166910E+07 0.1736142E+14
0.2800000E-06 0.3318773E+01 0.3571672E+07 0.1275536E+14
0.3200000E-06 0.3318850E+01  063125244E+07  0.9765854E+
0.3600000E-06 0.3318928E+01 0.2778022E+07 0.7716253E+13
0.4000000E-06 0+3319006E+01 0.2500244E+07 0.6250183E+13
 0+8000000E-06 043319784E+01 0.1250244E+07 0.1562592E+13
0.1200000E-05 0.3320563E+01 0.833577TTE+06 0.6945060E+12
0.1600000E-05 043321342E+01 0e6252445E+06 0.3906712E+12
0.2000000E=-05_ 03322120E+01 0.5002445E+06 0.2500370E+12 =
0.2400000E-05 0.3322899E+01 0.4169113E+06 0.1736419E+12
0.2800000E-05 0.3323679E+01 0.3573875E+06 0.12757T4E+12
0.3200000E-05 043324457E+01 06312744TE+06 0.,9767936E+11
0.3600000E-05 0.3325237E+01 0.2780225E+06 0.7718103E+11
0.4000000E-05 0.3326017E+01 0.2502448E+06 0.6251849E+11
0.8000000E-05 0.3333829E+01 0.1252451E+06 ~ 0,1563425E+11
0.1200000E-04 0e3341663E+01 0.8357871E+05 0.6950619E+10
0.1600000E-04 0.3349520E+01 0.627456TE+05 0.3910884E+10
0.2000000E-04 0+3357400E+01 0.5024596E+05 0.2503709E+10
0.2400000E-04 0+3365302E+01 0+4191291E+05 0.1739203E+10
0.2800000E-04 0.3373227E+01 0.3596082E+05 0.1278162E+10
0.3200000E-04 043381174E+01 0.3149683E+05 ' 0.9788839E+09
0.3600000E-04 0.3389146E+01 0.2802489E+05 0.7736693E+09
0.4000000E-04 0.3397140E+01 042524T741E+05 0.6268590E+09
0.8000000E~-04 0.3478366E+01 0.1275032E+05 0.,1571841E+09
0.1200000E-03 0.3561972E+01 0.8586628E+04 0.7007032E+08
0.1600000E-03 0.3648031E+01 0.6506324E+04 0.3953429E+08
0.2000000E-03 0.3736615E+01 0.5259412E+04 0.2537936E+08
0.2400000E-03 0.3827798E+01 O0e4429226E+04 0.1767888E+08
0.2800000E-03 0.3921655E+01 0.3837197TE+04 0.1302890E+08

0.3200000E=03

_ 044018270E+01

' 043394040E+04

0.1000647E+08

0.3600000E-03 0.4117720E+01 0.3050153E+04 0.7931273E+07
0.4000000E-03 0.4220092E+01 0.277577TTE+04 0.6444T49E+07
0.8000000E-03 045424650E+01 0.1563715E+04 0.1665603E+07
0+1200000E-02 0.7033445E+01 0.7677057TE+06

0.1193337E+04
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" 0.1600000E-02 0.9180918E+01 0.1041696E+04  0.4496235E+06
0.2000000E-02 0.e1204465E+02 0.9863690E+03 0.3010970E+06
0.2400000E=02 0.1585859E+02 0.9889154E+03 0,2201230E+06

0.2800000E~02
0.3200000E-02

0.2093026E+02
0.2766288E+02

0.1035521E+04
0.1122320E+04

0.1715190E+06
0.1405167E+06

0.3600000E-01

01442119E+10

_0.5179924E+10

~ 0.3600000E-02 0e3658396E+02 0.1250692E+04 0,1200505E+06
0.4000000E-02 0.4838196E+02 0.1425589E+04 0.1064183E+06
0.8000000E-02 0.7399368E+03 0.9555582E+04 0.1444496E+06
0.1200000E-01 0.9410462E+04 0.8277295E+05 0,7404997E+06
0.1600000E-01 0e9943652E+05 0.6795486E+06 0.4653656E+07
0.2000000E-01 0.8884582E+06 0.5033750E+07 0.2852855E+08
.0+2400000E-01 = 0.6827230E+07 0.,3337070E+08 0,1631210E+09
0.2800000E-01 0.4579829E+08 0.1984181E+09 0.8596430E+09
0.3200000E-01 0.2717149E+09 0.1064001E+10 0.4166502E+10

. 0.1860570E+11

0,1200000E+03
0.1600000E+03

0.5421412E-22
0.1908851E-39

045449431E-22
0.1917018E-39

0.4000000E=01 0.6916399E+10 0.2305025E+11 0.7681949E+11
0.8000000E-01 0.7950122E+15 0.1722273E+16 0.3731041E+16
0,1200000E-00 __ 0,1090116E+19 0.1937752E+19 0.3444480E+19
0.1600000E~00 0.1463478E+21 0.2316940E+21 0.3668118E+21
0.2000000E-00 0.4997798E+22 0.7329466E+22 0.1074895E+23
0.2400000E~-00 0.7125733E+23 ~ 0,9896093E+23 0.1374352E+24
0.2800000E=-00 0.5626601E+24 0.7501621E+24 0.1000148E+25
0.3200000E-00 0.2924715E+25 0.3777524E+25 0.4879000E+25
0.,3600000E-00 0.1118946E+26 0.1408964E+26 0.1774151E+26
0.4000000E +00 0.3397077E+26 0.4189511E+26 0.5166T796E+26
0.8000000E+00 0.6628597E+28 0.7401722E+28 0.8265019E+28
0.1200000E+01 0.3351406E+29 ~~ 0.3612000E+29 0.3892856E+29
0.1600000E+01 0.6056101E+29 0.6409279E+29 0.6783055E+29
0.2000000E+01 0.7157804E+29 0.749176TE+29 0.7841315E+29
0.2400000E+01 0.6838519E+29 0.7104471E+29 0.7380779E+29
0.2800000E+01 0.5793875E+29 0.5987144E+29 0.6186886E+29
0.3200000E+01 0.4560895E+29 0.4694218E+29 0.4831480E+29
0.3600000E+01 0.3423331E+29 0.3512531E+29 0.3604106E+29
0.4000000E+01 0.2488150E+29 0.2546763E+29 0.2606814E+29
0.8000000E+01 0.5547602E+27 0.5625076E+27 0.5704249E+27
0.1200000E+02 0.9870759E+25 0.9990816E+25 0.1011369E+26
0.1600000E+02 0.1729059E+24 0.1748824E+24 0.1769044E+24
0.2000000E+02 0.3029690E+22 0.3062688E+22 0.3096416E+22
0.2400000E+02 0.5317888E+20  0.5373294E+20 0.5429871E+20
0.2800000E+02 0.9350704E+18 0.9444109E+18 0.9539406E+18
0.3200000E+02 0.1646879E+17 0.1662680E+17 0.1678789E+17
0.3600000E+02 0.2904933E+15 0.2931749E+15  0,2959066E+15
0.4000000E+02 0.5131181E+13 0.5176823E+13 0.5223285E+13 .
0.8000000E+0 2 0.1609105E-04 0.1619615E-04 0.1630264E-04

0,5477741E=22

0.1925254E-39
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0.2000000E+03
0.2400000E+03

0,2800000E+03

0.3200000E+03
0.3600000E+03

0.6924901E-57
0.0000000E-00

~0.0000000E=-00

0.0000000E-00
0.0000000E-00
0.0000000E-00

0.6950181E-57
0.0000000E~-0O

0,0000000E-00.

0.0000000E-00
0.0000000E-00
0. 0000000E-0Q0

0.6975645E-57
0.0000000E=-00
0.,0000000E-00

0.0000000E-00
0.0000000E-00
0.0000000E-00

0.8000000E+03
0.1200000E+04
0.1600000E+04
0.2000000E+04
0.2400000E+04

0.2800000E+04

0.0000000E=00
0.0000000E-00

0.0000000E-00

0.0000000E-00

0.0000000E-0O0
0.,0000000E-00

0.0000000E-00
0.0000000E~-00
0.0000000E-00
0.0000000E~-QO
0.0000000E-00
0.0000000E=Q0

0.0000000E-00
0.0000000E-00

0.0000000E-00

0.0000000E~-00
0.0000000E-00
0.0000000E=00

0.3200000E+04
0.3600000E+04

0.4000000E+04

0.8000000E+04
0.1200000E+05
E+05
0.2000000E+05
0.2400000E+05

0.2800000E+05

0.3200000E+05
0.3600000E+05
0.4000000E+05

0.0000000E-00
0.,0000000E-00
0,0000000E-00

0.0000000E-00

0.0000000E-00

=00
0.0000000E-00
0.0000000E-00

0.,0000000E-00_

0.0000000E-00
0.0000000E-00
0.0000000E-00

0.0000000E-00
0.0000000E=00

0.0000000E-0Q0
0.0000000E-0O0

0.0000000E-00
0. 0000000E-00

0.0000000E=00

0.0000000E-00
0.0000000E-00

0.0000000E=00

. 0.0000000E=00

0.0000000E-00
0.0000000E-00

0.0000000E~D0
0.0000000E-00

0.0000000E-00
0.0000000E-00

0.0000000E~00
0.0000000E-00
0.0000000E-00

0,0000000E=00 .

0.0000000E=00

0.8000000E+05
0.1200000E+06

0.1600000E+06

0.2000000E+06
0.2400000E+06
0.2800000E+06

0.0000000E-00
0.0000000E-00
0.0000000E-00
0.0000000E-00
0.0000000E-00
0.0000000E-00

0.0000000E-00
0., 0000000E-00

0.0000000E=-00

0.0000000E-00
0.0000000E=00
0., 0000000E-0Q0

0.0000000E-00
0.0000000E-00
0.0000000E-00

0.0000000E-00
0.0000000E~-00
0.0000000E-00

0.3200000E+06
0.3600000E+06
0.4000000E+06
0.8000000E+06
0.1200000E+07

0.0000000E-00
0.0000000E-00
0.0000000E-00
0.0000000E=-00
0.0000000E-00

0.0000000E-00
0.0000000E~00
0.0000000E-00
0.0000000E-00
0.0000000E~00
0.0000000E~-00

0.0000000E-00
0.0000000E-00

~ 0.0000000E-00

0.0000000E~-00
0.0000000E-0C0
0.0000000E=-00

0.2000000E+07
0.2400000E+07
0.2800000E+07
0.3200000E+07
0.3600000E+07

0.8000000E+07
0.1200000E+08
0,1600000E+08
0.2000000E+08

0+4000000E+07

_0.0000000E-00

_0.0000000E-00

0.0000000E-00
0.0000000E-00
0.0000000E-00
0.0000000E-00
0.0000000E=-00

0.0000000E-00
0.0000000E-00

- 0.0000000E-00

0.0000000E-00
0.0000000E-00
0, 0000000E=-00

0.0000000E-00
0.0000000E-00
0,0000000E-00

0.0000000E-00

0.0000000E~-00
0,0000000E=00

0.0000000E-00
0.0000000E=-00
0.0000000E-00
0.0000000E=00

0.0000000E-00
0.0000000E~-00

0.0000000E-00
0.0000000E-00

0.0000000E-00
0.0000000E-00
0,0000000E-00

0.0000000E-00
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0.2400000E+08 0.0000000E-00 0.0000000E-00 0.0000000E~-00
0.2800000E+08 0.0000000E-00 0.0000000E-00 0.0000000E-00
0.3200000E+08 - 0.,0000000E=00. 0.0000000E=00_ = 0,0000000E-00
0.3600000E+08 0.0000000E-00 0.0000000E-00 0.0000000E-00
0.4000000E+08 0.0000000E-00 0.0000000E-00 0.0000000E-00
....0,8000000E+08 0.0000000E-00 0.,0000000E-00 _0.0 -

0.1200000E+09
0.1600000E+09
0.2000000E+09
0.2400000E+09
0.2800000E+09

0.0000000E~-0O
0.0000000E-00

0.0000000E-00

0.0000000E-00
0.0000000E-00

0.0000000E=-00
0.0000000E-00
0.0000000E-00

0.0000000E-00
0.0000000E-00

0.0000000E-00
0.0000000E~-00

0.0000000E~-00
0.0000000E~-00

.. 0,0000000E=00

... 0+3200000E+09 __ 0,0000000E-00  0.0000000E=00  0.0000000E-00

0.1200000E+11
0.1600000E+11
0.2000000E+11

0.3600000E+09 0.0000000E-00 0.0000000E=-00 0.0000000E~-00
0.4000000E+09 0,0000000E-00 0,0000000E-00 0.0000000E-00
- 0.8000000E+09 = 0.0000000E-00_ ___ 0.0000000E-00 ___ 0.0000000E=-00
0.,1200000E+10 0.0000000E-00 0.0000000E-00 0.0000000E-00
0.,1600000E+10 0.0000000E-0C 0.0000000E=00 0.0000000E-00
. 0.2000000E+10 0.0000000E-00 0.,0000000E-0Q0 0.,0000000E-Q00
0.2400000E+10 0.0000000E~-00 0.0000000E-0Q0 0.,0000000E-00
0.,2800000E+10 0.0000000E-00 0.0000000E-00 0.0000000E-00
0.3200000E+10 ~  0.,0000000E-00  0.0000000E-00  0.0000000E-00
0.3600000E+10 0,0000000E=-00 0.0000000E-00 0.0000000E-00
0.4000000E+10 0.0000000E-00 0.0000000E-0QO 0.0000000E~-00
0.,8000000E+10 0.0000000E-00 0.0000000E=0Q0 0.,0000000E-00

0.0000000E-00
0.0000000E-00

- 0.0000000E=00

0.0000000E-00
0.0000000E-00

__0.0000000E-00

0.0000000E-00
0.0000000E-00

~ 0.0000000E-00

0.2400000E+11 0.0000000E-00 0.0000000E-00 0.0000000E-00
0.2800000E+11 0.0000000E-00 0.0000000E-00 0.0000000E~-00
0.3200000E+11 0.,0000000E-00 0.0000000E=00 0.0000000E-00
0.3600000E+11 0.0000000E-00 0. 0000000E=-00 0.0000000E-00

STOP END OF PROGRAM AT STATEMENT 0102 + 01 LINES.




B2

TABLE F-6
TRANSFORM FUNCTIONS FOR SILICON AT 300°K.

The tabulated values are as follows:
o] H_l(ﬁ:'}') Ho(ﬁs"/) Hl(a:'Y)

The parameter € is taken equal to one nearest neighbor
spacing. The parameter <y is that appropriate to this
material and temperature, according to the work of Kroupa

and Brown.
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0.4000000E~-18

0.3318228E+01 0.2500000E+19 0.6249999E+37
0.8000000E~-18 0.3318228E+01 0.1250000E+19 0.1562500E+37
0.1200000E-17 =~ 0.3318229E+01 . 0.8333333E+18 0.6944444E+36
0.,1600000E-17 0.3318229E+01 0.6250000E+18 0.3906250E+36
0.2000000E~-17 0.3318229E+01 0.5000000E+18 0.2500000E+36
0.2400000E-17 0.3318229E+01 OD.4166666E+18 0.1736111E+36
0.2800000E-17 0.3318229E+01 0.3571428E+18 0.1275510E+36
0.3200000E~-17 0.3318228E+01 0.3125000E+18 0.9765623E+35
0.3600000E-17 0+3318228E+01 ... . Q2TIITTBE¥*1B. _0.7716047E+35
0.4000000E-17 0.3318228E+01 0.2500000E+18 0.6249999E+35
0.8000000E=-17 0.3318228E+01 0.1250000E+18 0.1562500E+35
" 0,1200000E-16 0.3318229E+01 0.8333333E+17 0,6944444E+34
0.1600000E-16 043318229E+01 0.6250000E+17 0.3906250E+34
0.2000000E-16 0.3318229E+01 0.5000000E+17 0.2500000E+34
0.2400000E=-16 ~ 043318229E+01 = 0.4166666E+17 0.1736111E+34
0.2800000E-16 0.3318229E+01 0.3571428E+17 0.1275510E+34
0.3200000E-16 0.3318228E+01 0.3125000E+17 0.9765623E+33
0.3600000E-16 03318228E+01 Q.2777778E+17 0.7716047TE+33
0.4000000E-16 0.3318228E+01 0.2500000E+17 0.6249999E+33
0.8000000E~-16 0.3318228E+01 0.1250000E+17 0.1562500E+33
0.1200000E-15 0.3318229E+01 0.8333333E+16 0.6944444E+32
0.1600000E-15 0.3318229E+01 0.6250000E+16 0.3906250E+32
0.2000000E=-15 0.3318229E+01 0.5000000E+16 0.2500000E+32
0.2400000E-15 = 043318229E+01 = 0.,4166666E+16 0.1736111E+32
0.2800000E-15 0.3318229E+01 0.3571428E+16 0.1275510E+32
0.3200000E-15 0.3318228E+01 0.3125000E+16 0.9765623E+31
0.3600000E-15 0.3318228E+01 0,277T7T7T7T8E+16 0.7716047E+31
0.,4000000E-15 0.3318228E+01 0.2500000E+16 0.6249999E+31
0.8000000E-15 0.3318228E+01 0.1250000E+16 0.1562500E+31
 0.1200000E-14 0.3318229E+01 0.8333333E+15 0.6944444E+30
0.1600000E-14 0.3318229E+01 0. 6250000E+15 0.3906250E+30
0.2000000E-14 0.3318229E+01 0.5000000E+15 0.2500000E+30
0.2400000E~14 0.3318229E+01 0.4166666E+15 ~~  0,1736111E+30
0.2800000E-14 0.3318229E+01 0.3571428E+15 0.1275510E+30
0.3200000E-14% 0.3318228E+01 0.3125000E+15 0.9765623E+29
0.3600000E-14 0.3318228E+01 = 0,2777778E+15 0.,7716047E+29
0.4000000E~-14 0.3318228E+01 0.2500000E+15 0.6249999E+29
0.8000000E-14 0.3318228E+01 0.1250000E+15 0.1562500E+29
0.1200000E-13 0.3318229E+01 0.8333333E+14 0.6944444E+28
0.1600000E-13 0.3318229E+01 0.6250000E+14 0.3906250E+28
0.2000000E-13 0.3318229E+01 0.5000000E+14% 0.2500000E+28
0.2400000E=13 0.3318229E+01 0.4166666E+14 0.1736111E+28
0.2800000E~13 0.3318229E+01 0.3571428E+14 0.1275510E+28
0.3200000E-13 0.3318228E+01 0.3125000E+14 0.9765623E+27
0.3600000E~-13 0.3318228E+01 0.2777778E+14 0,7716047E+27
0.4000000E=-13 0.3318228E+01 0.2500000E+14 0.6249999E+27
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0.8000000E-13 0.3318228E+01 0.1250000E+14 0+1562500E+27
0.1200000E-12 0.3318229E+01 0.8333333E+13 04694444 4E+26
0.1600000E-12 0.3318229E+01 0+6250000E+13 0.3906250E+26
0.2000000E~-12 0.3318229E+01 0.5000000E+13 0+2500000E+26
0.2400000E~-12 0.3318229E+01 0.4166666E+13 0.1736111E+26
0.2800000E-12  043318229E+01 _ 0,3571428E+13  0,1275510E+26
0.3200000E-12 0.3318228E+01 0.3125000E+13 0.9765623E+25
0.3600000E-12 0.3318228E+01 0.2777T78E+13 0.,7716047E+25
0.4000000E-12 0.3318228E+01 0.2500000E+13 0.6249999E+25
0.8000000E=12 0.3318228E+01 0.1250000E+13 0.1562500E+25
0.1200000E~-11 0.3318229E+01 0.8333333E+12 0.6944444E+24
 0.1600000E=-11 0.3318229E+01 0.6250000E+12 0 - +
0.2000000E-11 0.3318229E+01 0.5000000E+12 0.2500000E+24
0.2400000E-11 0.3318229E+01 0u4l66666E+12 0.1736111E+24
0:2800000E=11 . . 0«3318229E+0]1 . _ 0:3571428E%12 0,1275510E+24
0.3200000E~-11 0.3318228E+01 0.3125000E+12 0.9765623E+23
0.3600000E-11 0.3318228E+01 0.2777778E+12 0.,771604TE+23
0.4000000E~-11 0.3318228E+01 0.2500000E+12 0.6249999E+23
0.8000000E-11 0.3318228E+01 0.1250000E+12 0.1562500E+23
0.1200000E~-10 0.3318229E+01 0.8333333E+11 0.6944444E+22
0.1600000E-10 0.3318229E+01 ~_0.6250000E+11 0.3906250E+22
0.2000000E~-10 0.3318229E+01 0.5000000E+11 0.2500000E+22
0.2400000E~-10 0.3318229E+01 0.4166666E+11 0.1736111E+22
0.2800000E-10 0.3318229E+01 0.3571428E+11 0,1275510E+22
0.3200000E-10 0.3318228E+01 0.3125000E+11 0.9765623E+21
0.3600000E-10 0.3318228E+01 0.2777778E+11 0.7716047E+21
0.4000000E-10 0.3318228E+01 0.2500000E+11 0.6249999E+21
0.8000000E~-10 0.3318228E+01 0.1250000E+11 0.1562500E+21
0.1200000E-09 0.3318229E+01 0.8333333E+10 0+6944444E+20
0.1600000E-09 0.3318229E+01 0e6250000E+10 0,3906250E+20
0.2000000E-09 0.3318229E+01 0.5000000E+10 0.2500000E+20
0.2400000E-09 0.3318229E+01 0.4166666E+10 0.1736111E+20
0.2800000E-09 0.3318229E+01 0.3571428E+10  0,1275510E+20
0.3200000E-09 0.3318228E+01 0.3125000E+10 0.,9765623E+19
0.3600000E~-09 0.3318228E+01 0.2777T78E+10 0.771604TE+19
0.4000000E=-09 0.3318228E+01 0.2500000E+10 0.6249999E+19
0.8000000E-09 0.3318229E+01 0.1250000E+10 0.1562500E+19
0.1200000E-08 0.3318229E+01 0.8333333E+09 0.6944444E+18
0.1600000E-08 0.3318230E+01 0.6250000E+09 ~  0.3906250E+18
0.2000000E-08 0.3318230E+01 0.5000001E+09 0.2500000E+18
0.2400000E-08 0.3318230E+01 0.416666TE+09 0.1736111E+18
0.2800000E-08 0.3318230E+01 0.3571429E+09 0.1275510E+18
0.3200000E-08 0.3318230E+01 0.3125000E+09 0.9765623E+17
0.3600000E-08 0.3318230E+01 0.2777778E+09 0.7716048E+17
0.4000000E~08 0.3318230E+01 0.2500001E+09 0.6249999E+17
0.8000000E-08 0.3318233E+01 0.1250001E+09 0.1562500E+17
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0.1200000E-07 0.3318236E+01 0.8333341E+08 0.6944445E+16
0.1600000E-07 0.3318239E+01 0.6250008E+08 0.3906251E+16
0.2000000E-07  0.3318241E+01 0.5000008E+08 0.2500001F+16
0.2400000E-07 0.3318244E+01 0.4166675E+08 0.1736112E+16
0.2800000E-07 0.3318246E+01 0.3571436E+08 0.1275511E+16
0.3200000E=07 0.3318248E+01 0.3125008F+08 0.9765631E+15
0.3600000E-07 0.3318250E+01 0.2777785E+08 0.7716055E+15
0.4000000E-07 0.3318253E+01 0.2500008E+08 0.6250005E+15
0.8000000E-07 0,3318278E+01 ~ 0.1250008E+08_ _0.1562502E+15
0.1200000E-06 0.3318304E+01 0.8333413E+07 0.6944464E+14
0.1600000E-06 0.3318330E+01 0.6250080E+07 0.3906265E+14

~ 0.2000000E=06 0.3318355E+01 0.5000080E+07 0.2500012E+14
0.2400000E-06 0.3318380E+01 0.416674TE+07 0.1736121E+14
0.2800000E-06 0.3318405E+01 0.3571509E+07 0.1275519E+14
0.3200000E-06 0.3318430E+01 ~~  043125081E+07 = 0.9765700E+13
0.3600000E-06 0.3318455E+01 0.2777859E+07 0.7716117E+13
0.4000000E-06 0.3318480E+01 0.2500081E+07 0.6250061E+13
0.8000000E-06 0.3318733E+01 0.1250081E+07 0,1562531E+13
0.1200000E-05 0.3318985E+01 0.8334143E+06 0.6944650E+12
0.1600000E~-05 0.3319238E+01 0.6250810E+06 0.3906404E+12
0.2000000E-05 = 0.3319490E+01 =~ 0.5000810E+06 ~0.2500123E+12
0.2400000E-05 0.3319742E+01 0.416T4TTE+06 0.1736214E+12
0.2800000E~05 0.3319994E+01 0.3572239E+06 0.1275598E+12
0.3200000E=05 0.3320246E+01  0.3125811E+06 0,9766396E+11
0.3600000E~05 0.3320498E+01 0.2778589E+06 0.7716735E+11
0.4000000E-05 0.3320751E+01 0.2500811E+06 0.6250617E+11
0.8000000E-05 0.3323276E+01 0,1250811E+06  0,1562809E+11
0.1200000E-04 0.3325803E+01 0.8341453E+05 0.6946507E+10
0.1600000E-04 0.3328332E+01 0.6258123E+05 0.3907797E+10

0.2000000E=-04 0.3330864E+01 0.5008126E+05 0,2501238E+10
0.2400000E-04 0.3333398E+01 0.41T4T96E+05 0.1737143E+10
0.2800000E-04 0.3335934E+01 0.3579561E+05 0.1276395E+10
0.3200000E=04 0.3338471E+01  0.3133135E+05  0,9773367E+09
0.3600000E-04 0.3341011E+01 0.2785916E+05 0.7722933E+09
0.4000000E-04 0.3343554E+401 0.2508141E+05 0.6256196E+09
0.8000000E-04 0.3369105E+01  0.1258172E+05  0.1565603E+09
0.1200000E-03 0.3394881E+01 0.8415357E+04 0.6965169E+08
0.1600000E-03 0.3420885E+01 0.6332326E+04 0.3921818E+08
0.2000000E-03 0.3447118E+01 0.5082632E+04 0.2512475E+08
0.2400000E-03 0.3473582E+01 0.4249605E+04 0.1746524E+08
0.2800000E-03 0.3500281E+01 0.36546T6E+04 0.1284450E+08
0.3200000E-03 _ 0.3527213E+01  0,3208557E+04% 0.9843977E+07
0.3600000E-03 0.3554383E+01 0.2861646E+04 0.7785810E+07
0.4000000E~-03 0.3581792E+01 0.2584182E+04 0.6312889E+07
0.8000000E-03 0.3869481E+01 0.1337415E+04 0.1594477E+07
0.1200000E=02 0.4183342E+01 0.924168TE+03 0.716134TE+06
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0.1600000E-02 0.4525577E+01 0.7194529E+03 0.4071858E+06
0.2000000E~02 0.4898550E+01 0.5982801E+03 0.2634950E+06
0.2400000E=02 _ 0.5304797E+01 0.5189960E+03 _  0.1850727E+06
0.2800000E-02 0.5747042E+01 0.4637564E+03 0.1375697E+06
0.3200000E-02 0.6228194E+01 0.4236465E+03 0.1066015E+06
0.3600000E-02 0,6751375E+01 0.3937205E+03 0.8527923E+05
0.4000000E~02 0.7319922E+01 0.3710173E+03 0.6996546E+05
0.8000000E-02 0.1641814E+02 0.3160544E+03 0.2042880E+05
0.1200000E~-01 0.3591556E+02 - 0e3962040E+03 - 0.1136979E+05
0.1600000E-01 0.7537773E+02 0.5834065E+03 0.8798676E+04
0.2000000E=01 0.1511330E+03 0.9180291E+03 0.8549480E+04

0.2400000E=01 0.2897154E+03 0.1474310E+04 0.9740882E+04
0.2800000E-01 0.5323897E+03 0.2363059E+04 0.1227318E+05
0.3200000E-01 0.9408498E+03 0.3740320E+04% 0.1635440E+05
0.3600000E-01 001604118E+04 ~ 0.5818379E+04 = 0,2238149E+05
0.4000000E-01 0.2646606E+04 0.8878170E+04 0.3091085E+05
0.8000000E-01 0.1064505E+06 0.2307123E+06 0.5007636E+06
0.1200000E-00 0.1010989E+07 0.1797328E+07 0.3196192E+07
0.1600000E-00 0.4520634E+07 0.7157454E+07 0.1133369E+08
0.2000000E-00 0.1300517E+08 0.1907364E+08 0.2797604E+08
0.2400000E-00 0.2828700E+08 0.3928656E+08 0.5456697E+08
0.2800000E=00 0.5098232E+08 0.6797558E+08 0.9063860E+08
0.3200000E-00 0.8051205E+08 0.1039949E+09 0.1343354E+09
0.3600000E~-00 _ 041154794E+09  0.,1454211E+09 0,18 +
0.4000000E +00 0.1541063E+09 0.1900715E+09 0.23444T5E+09
0.8000000E+00 0.464561TE+09 0.5190137E+09 0.5799833E+09
0.1200000E+01 0.4804806E+09 0,5186930E+09 0.5602306E+09
0.1600000E+01 0.3785634E+09 0.4020193E+09 0.427275TE+09
0.2000000E+01 0.2704002E+09 0.2846078E+09 0.2998819E+09
0.2400000E+01 0.1853266E+09 0.1940533E+09 0.2034450E+09
0.2800000E+01 0.1246428E+09 0.1300930E+09 0.1359664E+09
0.3200000E+01 0.8307436E+08 0.8652340E+08 0.9024365E+08
0.3600000E+01 0.5512349E+08  0.5732645E+08 0.5970332E+08
0.4000000E+01 043649676E+08 0.3791256E+08 0.3943980E+08
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0.,8000000E+01
0.1200000E+02

0.5831986E+06
094591 74E+04

0.6021597E+06
069728543 E+04

0.6224149E+06
0.1001384E+05

0.1600000E+02
0.2000000E+02
042400000E+02
0.2800000E+02
0.3200000E+02
0.3600000E+02

0.1555954E+03
0.2587748E+01

0.4342111E-01

0.7339402E-03
0.1248230E-04
0.2134088E-06

0.1595459E+03
0.2647095E+01
0.4432985E-01
0.7480731E-03
0.1270497E~04
0,2169556E=-06

0.1637029E+03
0.2709231E+01
0.4527740E-01

0.7627597E-03
0.1293569E-04
0.2206219E-06

0.4000000E+02
0.8000000E+02
0.1200000E+03
0.1600000E+03

0.3665246E-08
0.9613415E-26

0.2957058E-43

0.9848508E-61

0.3722280E-08
0.9705126E-26

_0.2977441E-43

0.9901681E-61

0.3781108E-08
0.9798595E-26
0.2998106E-43

0.9955427E=-61
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0.2000000E+03
0.2400000E+03
0.,2800000E+03
0.3200000E+03
0.3600000E+03
0.4000000E+03

0.3441043E-78
0.0000000E-00

0.,000000QE-00 _

0.0000000E-00
0.,0000000E-00
0.,0000000E=-00

0.3456315E-78
0.0000000E-00

0.0000000E=-00

0.0000000E-00
0.0000000E-00
0.0000000E-00

0.3471723E-78
0.0000000E-00

0.0000000E=00

0.0000000E-00
0.0000000E~-00
0.,0000000E-00

0.8000000E+03
0.1200000E+04
0.1600000E+04
0.2000000E+04
0+2400000E+04
0.2800000E+04

0.,0000000E=-0QO
0.0000000E-00

0.0000000E-00

0.0000000E-00
0.0000000E-00
0.0000000E=-00

0.0000000E-00
0.0000000E-00

. 0.0000000E-00

0.0000000E-00
0.0000000E-00
0.0000000E-00

0.0000000E-00
0.0000000E-00

0,0000000E-00

0.0000000E-00
0.0000000E~-00
0.0000000E-00

0.,3200000E+04
0.3600000E+04

0.4000000E+04

0.8000000E+04
0.1200000E+05
0.1600000E+05

~0.0000000E=-00_

0.0000000E-00
0.0000000E-00

0.0000000E-00
0.0000000E-00
0.,0000000E-00

0.0000000E-00
0.0000000E-00

~0.0000000E=-00_ _

0.0000000E-00
0.0000000E-00
0.0000000E=-0Q0

0.0000000E-00
0.0000000E-00
0.0000000E-00

0.0000000E-00
0.0000000E~-00
0.,0000000E-0Q

0.2000000E+05
0.,2400000E+05

0.2800000E+05

0.3200000E+05
0.3600000E+05
0.,4000000E+05

0.0000000E-00
0.,0000000E-00

0,0000000E-00_

0.0000000E-00
0.0000000E-00
0,0000000E-00

0.8000000E+05
0.1200000E+06

0.1600000E+06

0.2000000E+06
0.2400000E+06
0.2800000E+06

0.0000000E-00
0.0000000E-00
0.0000000E-00_
0.0000000E-00
0.0000000E-00
0.0000000E-00

0. 0000000E-00
0.0000000E-00

0.0000000E=-00
0.0000000E-00

0. 0000000E-00

0.00000C0E-00
0.0000000E-00

0, 0000000E-00_ _

0.0000000E-00
0. 0000000E-00
0.0000000E-00

0.0000000E-00
0.0000000E~-00

0.0000000E=-00

0.0000000E-00
0.0000000E-00

.0.0000000E=00 __ 0,0000000E=00 _

0.0000000E-00
0.,0000000E-00

0.0000000E=00

0.0000000€E-00
0.0000000E-00
0.0000000E-00

0.3200000E+06
0.3600000E+06
0.4000000E+06
0.8000000E+06
0.1200000E+07
0.1600000E+07

0.0000000E-00
0.0000000E-00

0.0000000E=-00

0.0000000E-00
0.0000000E-00
0.0000000E=-00

0. 0000000E-00
0.0000000E-00

0. 0000000E-00

0.0000000E-00
0. 0000000E-00
0.0000000E-00

0.0000000E-00
0.0000000E-00

~ 0.0000000E-00

0.0000000E-00
0.0000000E-00
0.0000000E-00

0.2000000E+07
0.2400000E+07
0.,2800000E+07
0.3200000E+07
0.3600000E+07

0.0000000E-00
0.0000000E-00
0.0000000E-00
0.0000000E-00
0.0000000E-00

_0.,0000000E-00 _

0.8000000E+07
0.1200000E+08
0.1600000E+08
0.,2000000E+08

0.0000000E-00
0.0000000E-00

0.0000000E-00
0.0000000E-00

0. 0000000E-00
0.0000000E~-00
0.0000000E-00
0.0000000E-00
0, 0000000E-00

0.0000000E-00
0.0000000E~00
0.0000000E=-00

0.0000000E-00
0.0000000E-00

. 0.0000000E-00

0.0000000E=-00
0.0000000E-00
0.0000000E~-00
0.,0000000E-00

0.,0000000E=-00
0.0000000E-00
0.0000000E~00

0.0000000E~-00
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0.2400000E+08

0.2800000E+08
0.,3200000E+08
0.3600000E+08
0.4000000E+08

. 0.8000000E+08

" 0.0000000E-00

0.0000000E-00
0,0000000E-00
0.0000000E-00
0.0000000E-00
0,0000000E-00

0.0000000E=00
0. 0000000E=00
0.0000000E-00
0. 0000000E-00
0.0000000E-00
0O, 0O000000E=-00

0.0000000E~00
0.0000000E~00

0.0000000E=00

0.0000000E-00
0.0000000E-00
0.,0000000E-Q0

0.1200000E+09
0.1600000E+09
0.2000000E+09
0.2400000E+09
0.2800000E+09
0.3200000E+09

0.0000000E-00
0.0000000E-00
0.0000000E=-00
0.0000000E-00
0.0000000E-00
0.0000000E-00

0.0000000E-00
0.0000000E-00

0.0000000E-00

0.0000000E-00
0.0000000E-00
0., 0000000E=00

0.0000000E-00
0.0000000E-00

. 0.0000000E-00

0.0000000E-00
0.0000000E-00
0,0000000E-00

0.3600000E+09
0.4000000E+09
0.8000000E+09
0.1200000E+10
0.1600000E+10

0.2000000E+10

0.0000000E-00
0.0000000E-00

0.0000000E-00

0.0000000E-00
0,0000000E-00
0.,0000000E-00

0.0000000E-00
0.0000000E=-00

. 0.0000000E=00

0.0000000E=00
0.0000000E-00
0. 0000000E=-00

0.2400000E+10
0.2800000E+10
0.3200000E+10
0.3600000E+10
0.,4000000E+10

0.,8000000E+10

0.1200000E+11
0.1600000E+11
0.2000000E+11
0.2400000E+11
0.2800000E+11
043200000E+11

0.,0000000E-00
0,0000000E-00
0.0000000E=-00
0.,0000000E-00
0.0000000E~00

0.0000000E=-00

0.0000000E-00
0.0000000E=-00
0.0000000E-00
0.0000000E-00
0.0000000E-00
0., 0000000E=-00

0.0000000E~-00
0.0000000E-00

0.0000000E=00

0.0000000E-00
0.,0000000E-00

~0,0000000E-00

0.0000000E-00
0.0000000E~00

- 0,0000000E-00

0.0000000E-00
0.0000000E~-00
0.,0000000E-00

0.0000000E-00C
0.,0000000E-00

0.0000000E-00

0.0000000E-00
0.0000000E-00
0.0000000E-00

0.0000000E=-00
0. 0000000E~-00
0.0000000E-00
0. 0000000E~-00
0.0000000E~-00

0.0000000E=-00

0.0000000E-00
0.0000000E-00
0.0000000E-00

0.0000000E-00

0.0000000E-00
0.0000000E-00

0.3600000E+11

0.0000000E~-00

0.0000000E-00

STOP END OF PROGRAM AT STATEMENT 0102 + 01 LINES.

0.0000000E-00
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